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THE  IMPACT  OF  STATISTICS  AND  MANAGEMENT 
SCIENCE  TECHNIQUES  UPON  THE  CONSTRUCTION  AND 
UTILIZATION  OF  STANDARD  MANUFACTURING  COSTS 


By 


This  study  analyses  the  impact  of  statistical  and  management  science 


analysis,  joint-product 


The  techniques  which  are  discussed  include  learning  curves,  regres- 


labor  standards. 

as  a single  fixed  point  estimate  to  a range.  In  addition,  modern  decision 

rather  than  specifically  having  an  impact  upon  practice  or  text  proscnta- 

a computational  tool  at  ihe  present  lime.  Regression  analysis,  which 

duct  costs,  and  variance  analysis,  also  appears  to  have  had  an  initial 
results,  a potential  conceptual  impact  is  likely.  Statistical  and  manage- 


INTRODUCTION 


The  greatest  impetus  to  the  development  of  standard  costing  oc- 
terested  in  the  elimination  o£  industrial  waste  through  cost  control,  and 


on,  University  of  Texas  at  Austin,  1944)  which  survey 


rcchnung  Ein  Ubcrblick  {Winterthur:  P.  G.  Keller,  I960)  which  is  a 

Studies  in  Costing.  Ed.  David  Solomons  (London:  Sweet  Ec  Maxwell, 

United  States  of  America  (II),  " Hitotsubashi  Journal  of  Commerce  and 
Management  (April,  1968),  pp.  28-34. 


each  other  in  quantitative  terms  as  closely  as  possible.3  No  attempt 
was  made  at  this  time,  however,  to  utilise  these  standards  in  a cost 

to-day  control  of  a manufacturing  organisation.  As  such,  it 
merits  the  closest  study,  not  only  by  accountants  engaged  in  in- 
quired to  advise  thoir  clients  on  the  subject  of  cost  accounting.  6 
Despite  this  view  of  the  significance  of  standard  costing,  very  few  books 


3Ibid. , p.  32.  The  cost  standard  was  an  expression  of  "assumed 
"based  upon  an  operating  ideal  and /became/  indices  of  operating  ef- 


"Dcvclopments  in  Cost  Accounting,  Institute  of  Chartered  Account- 
its  in  England  and  Wales,  Report  of  the  Cost  Accounting  Sub-Commit- 


niquos,  development  or  application.  The  topic,  however,  ia  included 

beginning  of  the  second  world  war  which  created  an  emphasis  on  the 
cost  of  jobs  and  contracts  and  pushed  the  standard  cost  literature  into 

least,  of  statistics  and  management  science  in  their  undergraduate 


f.  Batty,  Standard  Costing  (3rd  ed. ; London: 
Macdonald  and  Evans,  Ltd.,  1970);  Stanley  B.  Henrici.  Standard  Costs 
for  Manufacturing  (3rd  od. ; New  York:  McGraw-Hill  Book  Company, 
1960);  Cecil  Gillespie,  Standard  and  Direct  Costing  (Englewood  Cliffs, 
N.  J. : Prentice-Hall,  Inc.,  1962);  Clinton  W.  Bennett,  Standard  Costs 

Prentice-Hall,  Inc.,  *1957).  Two  earlier  books  in  this  area  are:  G. 
Charter  Harrison,  Standard  Costs  (New  York:  The  Ronald  Press,  Co. . 
1930)  and  Eric  A.  Camman,  Basic  Standard  Costs  (Now  York:  The 


ons  may  be  given  for  the  need  for  an  inquiry  into 

i techniques  on  standard 
! of  the  more  recent  textbooks  on  cost  accounting 


in  the  last  decade.  The 


components,  cost  control,  or  cost  allocation,  all  of  which  are  integral 


rvey  taken  by  the  American 


agorial  Emphasis  (3rd  ed.  ; Englewood  Cliffs,  N.  J. : Prentice -Hall, 

Managerial  Application  {2nd  ed.;  Boston:  Houghton  Mifflin  Company, 
1969);  Nicholas  Dopuch  and  Jacob  G.  Birnberg,  Cost  Accounting:  Ac- 
counting Data  for  Management's  Decisions  (Chicago:  Harcourt,  Brace 
8c  World,  Inc.,  1969):  Gordon  Shillinglaw,  Cost  Accounting  Analysis 


Standard  Costs 

standard  emphasises  what  costs,  or  quantities,  should  be  in  a particu- 


counter-directions.  Probability  theory  may  be  compared  to  the  deduc- 

properties  of  the  physical  process  while  statistical  inference  more 

data.22  Statistics,  then,  is  used  to  help  the  de- 
se  decisions  in  the  face  of  uncertainty  while  prob- 


ability theory  is  mol 


sties  which  will  be  of  prime  importance  in  the 
statistical  decision  theory  which  "incorporates 


cision  rules  exist,  but  Baye^  decision  rule  i 


ment  (January-February,  1971),  p.  24. 

^Thomas  H.  Williams  and  Charles  H 
Dimension  of  Accountancy  (Chicago:  Sou' 
1964),  p.  135. 


supported  as  being  applicable  to  a broad  variety  of  problems.' 


Bayerf  theorem,  which  forms  the  basis  for  Baye^  decision  rule,  re- 

prior  probabilities  are  probabilities  which  are  "assigned  to  the  values 
of  the  basic  random  variable  before  some  particular  sample  is  taken"; 
posterior  probabilities  are  the  prior  probabilities  which  have  been  re- 

videdby  the  sample.27  If  a subsequent  sample  is  taken,  these  poster- 

These  are  then  used  to  calculate  the  expected  utility  for  each  act,  and 
the  act  with  the  maximum  utility  is  chosen. 28  Bayesian  analysis  is  most 
useful  to  the  accountant  in  the  provision  of  a quantitative  methodology  by 


* Ibid.  Some  of  the  other  possible  decision  rules  mentioned  by 


27Robert  Schlaifcr,  Probability  and  Statistics  for  Business  Deci- 
sions (New  York:  McGraw-Hill  Book  Company,  Inc.,  1959),  p.  337. 


28Harry  V.  Roberts,  "Statistical  Inference  and  De 
University  of  Chicago,  Graduate  School  of  Business, 


search.  " The  first  of  these  views  was  expressed  by  Dantzig  who  said: 


tific  knowledge.  Nevertheless,  much  of  our  understanding  of 
as  industrial  engineering  and  econometrics.  . . . Management 
of  general  laws  and  general  truths.  But  from  the  great  body  of 
operations  research  applications,  will  come  forth  fundamental 


The  first  view,  that  the  two  terms,  "management  science"  and  "op- 


The  techniques  of  management  science  include  the  general  area  of 
which  arc  employed  "can  be  characterised  as  the  application  of  scientific 


corn  as  far  back  as  the  early  days  of  the  scientific  management  me 


The  Plan  of  the  Study 

true  in  the  standards  setting  discussion. 

The  subjects  to  be  covered  in  the  next  five  chapters  --  the  setting 


*°Elwood  S.  Buffa,  I 

nt  (New  York:  John  Wiley  & Sons,  li 


’^Frederick  W.  Taylor,  ' 


(Reprint:  New  York:  Harper  b Brothers,  Publishers,  1942),  p 
counting  Review,  XXXXV1  (January,  1971),  pp.  113-118. 


those  suggested  for  standards  constructed  for  marketing  costs,  clerical 

methodology  used  for  the  application  of  standard  costs  to  diverse  func- 

aspects  of  the  several  techniques  although  these  may  be  pertinent,  es- 
pecially with  regard  to  the  utility  of  the  procedures  for  control  purposes 

must  be  understood  by  those  affected  by  it,  and,  at  times  it  may  be  that 
those  affected  should  also  have  some  voice  in  establishing  the  goals  to 

the  analysis  should  allow  for  some  failures,  particularly  when  they  are 


topic  of  learning  curves  will  be  explored  because  of  the  ability  of  such 
a technique  to  add  a dynamic  aspect  to  the  setting  of  standards.  Chap- 

An  extension  of  variance  analysis  will  be  the  subject  of  Chapter  V 

gramming  models  and  the  suitability  of  standard  quantities  and  cost6 
location  problems  will  be  considered:  co-product  cost  allocation  and  ser- 

areas  of  research  on  the  applicability  of  various  statistical  and  manage- 


11  THE  SETTING  OF  QUANTITY  STANDARDS  --  IMPACT 
OF  SCIENTIFIC  MANAGEMENT  MOVEMENT  AND 
LEARNING  CURVE  ANALYSIS 


This  will  he  followed  by  a brief  look  at  the  contributions  made  by  the 

learning  curvo  theory  will  be  presented  as  a means  of  eliminating  prob- 
lems created  by  the  absolute  standards  derived  from  conventional 


5t  Accounting  (New  York:  McGraw-Hill  Book 


ted  by  the  use  of  standard  costs  were  that  the  actual  costs  may  become 

for  purposes  of  measuring  manufacturing  efficiency,  i.  e. , 
be  atypical,  A question  at  issue,  therefore,  is  whether 

r of  standard  costs. 

accounting  texts  of  the  1930's  and  1940's  presented  price  and 


York:  The  Ronald  Press,  1935),  p.  2. 


(1930),  Camman  (1932),  and  Gillespie  (1935).* 

countant  primarily  because  it  was  felt  that  the  cost  accountant  lacked 
both  the  practical  knowledge  and  the  experience  needed  to  estimate  the 
te  work  on  his  own.  This  delineation  of  responsibility  for  the 

also  described  the  type  of  standards  which  the  cost  accountant,  working 
to  set  must  necessarily  be  largely  based  upon  records  of  past 

setting  process  had  the  effect  of  minimising  the  utilisation  of  historical 


3Blocker,  p 


7;  Gillespie  (1935),  p.  7;  Harrison,  miscellaneous  pages. 


Ideally  the  standardizing  itself  precedes  the  establishing  of  the 
examine  the  various  jobs  and  determine  how  each  task  should 


. number  of  ways  in  which  standards  can  be 

range  of  production.6  These  two  factors,  taken  together,  act  to  limit 
The  forogoing  pertains  mainly  to  the  establishment  of  material 


®Henrici,  p.  128. 


1968)fp.  II.  ^ ^ 

®Yczdi  K,  Bhada,  "Dynamic  Cost  Analysis,  11  Management  Accounting, 
LII  (July,  1970).  p.  11. 


difficult 


are  usually  handled  through  budget  forecasts. 10  To  facilitate  the  csti- 


1 ‘Gillespie  (1935),  i 


methodology  in  connection  with  semi -variable  expenses. 15 


ehtury.  The  early  quantity  standards,  particularly  labor  time  stand- 


The  most  significant  contribution  that  Taylor  and  his  followers 
made  to  the  concept  of  standard  costing  was  the  idea  that  standards  of 
performance  could  be  established  for  jobs,  and  then  these  predeter- 
mined standards  could  be  compared  with  the  actual  performance  times. 1 

for  at  least  a day  in  advance,  the  work  for  each  worker,  specifying 

a "first-class"  man  carrying  out  the  task,  v 
velopment  of  standard  costs. Taylor  and  his  followers  "used  all  the 

exception  of  the  continuous  control  of  cost  variances  through  appropriate 


IO  standards,  Taylor  w 


later.  It  should  also  be  recognised  that  it  takes  a certain  time  for  m 
who  have  worked  at  the  ordinary  slow  rate  of  speed  to  change  to  high 


'Bennett,  p. 


Although  Taylor  used  an  absolute 


formed  by  a first-class  man,  he  felt  that  despite  all  efforts  by  the 
elapsed  time  for  each  worker  and  machine  in  each  job,  the  systematixa- 


were  concerned  with  the  measurement  of  processes.  This  was  a 


^Frederick  W.  Taylor,  Shop  Management  (New  York:  Harper  It 
Brothers,  1919),  p.  T5. 


Learning  Curve  Phenomena  and  Setting, Standard  Costs 
The  concept  of  learning  has  been  ignored  in  the  conventional  proce- 
dures used  for  the  setting  of  quantity  standards,  thus  resulting  in  the 
development  of  absolute  standards,  a defect  mentioned  at  the  beginning 
of  the  chapter . 28  This  section  will  first  present  a brief  description  of 
traditional  learning  curve  theory  followed  by  a suggested  modification 


entitled  "dynamic  cost  analysis.  " These  will  bo  followed  by  a discus 
ditional  approach  might  be  applied  to  the  development  of  labor  time 


The  typical  learning  curve  depicts  the  relationship  between  the  di- 


...  a worker  learns  as  he  works;  and  the  more  often  he  repeats 
an  operation,  the  more  efficient  he  becomes  with  the  result  that 
direct  labor  input  per  unit  declines  . . . The  rate  of  improve- 
ment is  regular  enough  to  be  predictable. 


je  (Garden  City,  N 


T.  Andress,  "The  Learning  Curve  . 


Regular  Graph  Paper 
(Linear  Scale) 


29 


Figure  2 Learning  Curve  as  Plotted  on 


process,  despite  the  continuous  downward  slope  shown  on  the  log-log 
scale  (Figure  2),  slows  down  to  a point  where  it  appears  to  be  static  v 


The  opportunity  for  learning  exists  mainly  in  operations  which  pre- 
sent a chance  for  efficiency  improvement.  Such  processes  generally 

greatest  occasion  for  learning  occurs  in  those  tasks  which  are  complex 
and  lengthy  and  produce  a limited  number  of  units  requiring  "a  high  de- 
gree of  technical  skill, " e.g. , the  manufacture  of  aircraft.  33  The  pos- 
sibility of  learning  is  also  negligible  on  operations  which  have  been  per- 
formed for  some  time.  This  is  evident  when  the  learning  curve  is 
plotted  on  linear  graph  paper  and  both  the  initial  decline  and  the  later 
flattening  out  of  the  curve  may  be  seen  (sec  Figure  1).  3 " 


The  hypothesis  that  experience  promotes  efficiencies  which  lead 
but  it  is  dangerous  to  generalise  that  such  declines  take  place 


The  learning  curve,  as  traditionally  determined,  may  be  affected  by 


33Conley,  p.  64.  33  Crowningshield,  p.  149. 

34Wlnfrod  B.  Hirschmann,  "Profit  From  the  Learning  Curve,  " Har- 
vard Business  Review,  XXXXII  (January- February,  1964),,  p.  125. 


several  factors  which  are  not  normally  considered.  34  These  factors, 
some  of  which  will  be  discussed  below,  may  change  the  basic  shape  of 


Dynamic  Cost  Analysis  — A Variation  of  Application  of 

This  is  an  approach  to  learning  curve  theory  developed  by  Bhada 
which  considers  the  possibility  of  a nonlinear  relationship  of  learning 
to  activity.  38  The  term  "experience"  is  used  by  Bhada  rather  than 
"learning"  because  interest  centers  on  "the  phenomenon  of  gaining 
positive  efficiency,  observable  in  the  form  of  quantitative  improvement 


in  the  course  of  an  operation  being  reported  over  a period  of  time"  by  a 
group  or  organisation  rather  than  with  ‘'the  acquisition  of  knowledge  on 
the  part  of  an  individual"  --  learning.  3^ 

The  dynamic  cost  function  is  developed  from  production  data  which 


Bhada  defines  as  "manufacturing  information  collected  from  continuous 
operations.  " This  function  is  composed  of  a number  of  elements  and 
sub-elements  each  of  which  may  have  a different  rate  of  improvement. 
Two  examples  of  this  are:  1)  the  unit  cost  function  which  normally  is 


36See  Samuel  L.  Young,  "Misapplications  of  the  Learning  Curve  Con- 
cept, " The  Journal  of  Industrial  Engineering,  XVII  (August,  1966),  pp. 

37Bhada,  "Dynamic  Cost  Analysis,  " p.  14.  38lbid. , p.  11. 


an  aggregation  of  several  typos  of  cost  such  as  material,  labor  and 

Tho  dynamic  function  may  be  affected  by  two  determinants:  the  first 
of  these  is  the  oxponent  of  the  slope  of  the  experience  curve  which  is 


4lIbld.,  p.  263.  4%bid. 

can  substantially  affect  the  experience  rate.  The  anticipated  volume 


Figure  3 Various  Examples  of  Learning 


Hall  In  1957. 44 

which  may  have  a substantial  impact  on  the  cost  of  complicated  products. 
Two  factors  are  responsible  for  the  effect:  the  extra  cost  which  is  in- 

ence.  The  increased  costs  should  be  reflected  in  the  labor  standards 
sibility  that  the  reduction  trend  existing  before  the  design  change  will 


44Lowell  H.  Hall,  "Experience  with  Experience  Curves  for  Aircraft 


the  two  concepts  is  that  dynamic  cost  analysis  is  more  interested  in 
the  group  whereas  learning  curves  in  the  traditional  sense  tend  to  look 

approaches  differs  from  the  traditional  definition  of  such  costs.  Custo- 
marily the  variable  cost  per  unit  is  felt  to  be  constant,  but  the  "dynamic 
cost-quantity  relationship  indicates  /that/  variable  cost  per  unit  tends 
to  decline  with  increased  production"  in  a fashion  analogous  to  that  of 


velopment  of  standard  costs,  some  of  the  defects  caused  by  absolute 
standards  may  be  overcome.  Because  it  is  capable  of  predicting  changes, 

the  early  stages  of  a productive  operation  which,  when  tied  in  with  a 


e recognized,  but  the  conventional  procedures 
followed,  it  would  be  necessary,  although 
culate  a new  labor  standard  by  means  of  en- 
r each  unit  produced.  By  incorporating  the 


of  setting  standards 
highly  impractical, 
gineering  studies,  e 
learning  curve  concepts  into  the  calculation,  a "progressive  and  sys- 
tematic" standard  can  be  developed  which  automatically  yields  a new, 

in  advance.  Such  a standard  provides  a more  viable  reference  point 


when  it  is  being  taken  into  consideration  for  cost  control  and  part  of 
of  the  individual's,  or  the  group's,  rate  of  learning  as  compared  to  the 


^Rolfe  Wyer,  ^Learning  Curve  Techniques  for  Direct  Labor  Man- 
agement, " N.A.A.  Bulletin,  XXXX  (July,  1958),  p.  19.  Bhada,  in 
Some  Implications  . . .,  pp.  251-253,  indicates  a number  of  ways  in 

marily  by  means  of  a sliding  scale  or  anfndex,  and  also  discusses  a 
number  of  cases  where  one  would,  or  would  not,  consider  the  effects 

The  factors  such  as  tooling,  supervision,  parts  design  --  the  "during- 
production"  changos  --  can  be  included  in  the  rate  of  improvement  by 

"1  Identify  the  relative  importance  of  each  factor  to  the  learning  rate. 


standard  cost  will  be  achieved  (in  effect  the  rate  of  learning), 
puling  die  overall  rate  of  learning. " 


in  the  following  section,  provides  an  example  of  how  the  learning  pro- 


direct  proportional  association  to  labor  hours  or  c 
often  expressed  as  $x  per  direct  labor  hour.  Thui 


55Ibld. 


bo  taken  into  consideration,  if  possible,  when  setting  uf 
quantity  and  material  price  standards. 

Examples  of  the  Application 


Two  approaches  have  been  suggested  for  a learning  curve  analysis 
of  cost,  each  one  using  a different  reference  point  in  the  learning  curve 
as  the  starting  point.  The  first  of  these  employs  unit  one  as  the  refer- 
ence,  or  standard;  the  second,  some  future  predetermined  unit  X which 
represents  "a  point  of  standard  company  or  industry  experience."57 
Because  of  inefficiencies  existing  at  the  beginning  of  a productive  oper- 
ation, it  is  felt  to  be  more  appropriate  to  choose  the  latter  method  -- 
that  is,  a reference  point  occurring  somewhere  further  in  the  produc- 

when  he  established  a "quickest  time"  toward  which  all  other  workers 


'e  to  strive  and  which  then  actod  ae 


r other  engineering  methods  w 
ice  point.  The  use  of  such  a c 


l be  developed  by  means  of  time  studies 
rretation  procedure  helps  to  increase 


the  reliability  of  the  results.  30 

unit  at  which  the  standard  cost  is  reached.  " and  this,  in  turn,  shi 
the  cost  curve. For  example,  see  Figure  3 on  page  33;  curve  i 

s apparent  when  it  is  to  be  used  in  forecasting  and 


An  essential  step  in  the  procedure  is  the  analysis  of  actual 


tation,  The  University  of  Texas  at  Austin,  I960),  pp.  397-398. 


Department  A 30 


"Column  4 of  /Table  ij  indicates  the  efficiency  which  can  be  expected 


67lbid.  , 


6albid, . 


Shippir 


second  month:  Xb 

Total  hours  for  month:  ^ - X&  1, 


During  Progress  of  Contract 


Forecast  Labor  Efficiency  for  Contract  Period 


32(x)  + 69(y)  where  x is  the  monthly  unit  production  of  department  A 
projected  efficiency  % = total  standard  hours/total  projected  hours. 


variances  Tor  the  second  half  which  may  be  directly  attributable  to 

The  use  of  projected  hours  as  the  "standard  time'1  would  give  man- 
agement a better  base  against  which  to  measure  performance.  Any 
variance  which  still  occurs  most  likely  will  be  caused  by  other  factors, 
e.g.,  machine  downtime.  If  the  firm  were  operating  at  the  point  where 
traditional  total  standard  hours  exceeds  the  total  projected  hours,  the 

variance  if  the  only  factor  causing  the  difference  was  learning.  However, 
the  magnitude  of  the  favorable  traditional  variance  could  be  increased, 
reduced  or  eliminated  if  other  factors,  either  favorable  or  off-setting. 


columns  2 and  3,  and  an  additional  column  were  to  be  added  which  shows 
the  actual  hours  worked  each  month,  an  actual  efficiency  could  be  cal- 
culated and  compared  with  the  projected  (column  4 of  the  table)  to  see 
if  the  learning  is  progressing  as  expected.  This  would  tend  to  give 
management  another  control  factor  --  if  the  actual  efficiency  differs 
significantly  from  the  projected,  possibly  the  estimated  rate  of  learning 


manufacturing  standards. 


movement  provided  the  concepts  behind  the  time  and  motion  studies 

determining  labor  time  standards.  In  certain  situations  the  labor  time 

dieted  effects  of  learning,  eventually  attaining  the  desired  standard 
time.  The  actual  rate  of  decline  may  be  compared  to  the  predicted 


'See  page  19. 


IMPACT  OF  DEVELOPMENTS  AFFECTING  THE 
ANALYSIS  AND  STANDARDIZATION  OF  MIXED  COSTS 


which  have  been,  and  still 


statistical  techniques  which  have  been  suggested  as  a solu- 


Introduction 


costs:  direct  materials,  direct  labor  and  overhead.  There  rarely  is 
any  problem  in  determining  the  fixed  and  variable  elements  of  the  first 
two  cost  categories.  This  is  not  the  case,  however,  with  overhead 


clearly  defined  fixed  01 
these  mixed  overhead  costs  into  their  fixed  and  variable  components  is 
necossary  for  a clear-cut  displayal  of  product  cost  standards  and  sub- 
sequent use  in  cost  and  variance  analysis,  flexible  budgeting  and  direct 
standard  costing.  There  also  is  a need  to  know  the  variable  costs  for 


The  separation  must  be  done  as  carefully  as  possible  since  any  meas- 
urement errors  occurring  in  this  process  will  affect  the  evaluation  of 


fluctuate  in  total  amount  with  changes  in  output.  For  a variety  of  eom- 


that  variable  costs  are  those  which  arc  related  to  operational  activity 
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c.  g. , an  expense  which  is  made  up  of  a flat  fee  plus 
These  costs  generally  are  referred  to  as  semi-varia 

ruptly  at  certain  output  levels.  These  c 

with  small  increases  in  output,  e.g.,  situations  whet 
is  needed  every  time  an  additional  fifty  men  are  hire* 

they  may  be  safely  ignored  within  the  relevant  range  of  production. 


Traditional  Separation  Methods 


fixed  and  variable  costs  for  more  than  half  a century. 7 The  need  to 
carry  out  such  a process  was  given  emphasis  with  the  development  of 


Charles  Weber,  The  Evolution  of  Direct  Costing.  Monograph  3, 
111.:  The  University  of  Illinois,  1966),  p.  7. 


The  handling  of  semi-variable  step-costs  will  not  be  taken  up  ex- 
steps are  small  enough,  the  costs  maybe  treated  as  variable  (Oopuch 
and  Birilberg,  p.  14).  If  the  slops  are  larger,  as  in  the  example  cited 
above,  a schedule  could  be  set  up  showing  the  changes  in  variable  cost 
at  the  appropriate  outputs. 


flexible  budgeting  and  various  related  techniques,  e . g. , direct  costing, 
direct  standard  costing. 8 

Although  cost  accounting  texts  of  the  1930's  and  early  1940's  recog- 
nized the  necessity  for  a splitting  of  mixed  costs  into  their  fixed  and 

out  the  separation  process.  At  least  two  methods  did  exist  during  this 
period,  however,  and  both  were  discussed  in  the  periodical  literature 
and  used  in  practice.  9 Neither  of  these  was  statistical  in  nature,  nor 
did  they  fall  under  any  of  the  management  science  technique  classifica- 

technique  studies  the  firm's  chart  of  accounts  and  classifies  all  costs 


divided  into  the  two  components;  a cost  is  either  considered  mainly 
fixed  or  mostly  variable.  Because  of  the  simplicity  of  this  procedure. 


Another  of  the  more  traditional  separation  processes  is  the  "high- 
low"  approach  which  looks  at  several  sets  of  data  in  order  to  establish 


which  must  always  be  positive,  is  then  divided  by  the  corresponding 


is  Hot/ 

the  fixed  costs  as  well  as  the  total  costs  con: 


VC/unit  r '^highest  ~ ^^iowest  ; x — output 

FC  = Tc»igh.s.  - VC'^iBheB7=°TCio„Jr-”vtc(Xlowestl 
VC/unit  = ($51,000  - $42,  000)/(4,  000  - 3,000)  e $9/unit 


ration  of  fixed  and  variable  co6ts  are  based  upon  the  scatter-graph 
method  and  the  least-squares  techniques.21  These  procedures  are  in- 
dependent of  all  other  techniques  and  are  especially  helpful  in  making 
preliminary  studies.  Their  usefulness  for  detailed  studies  is  limited, 
however,  because  of  their  ability  to  deal  with  only  a relatively  small 
number  of  aggregated  cost  groups  in  the  investigation,  particularly  if 
simple  linear  regression  is  being  used. 22 


The  tools  (i.c. , scatter  charts  or  method  of  least-squares,  etc.) 
are  used  to  discover  the  presence  of  a fixed  clement  in  a cost  and 
to  disclose  its  size  and  the  variability  of  the  remainder,  all  in 
torm6  of  operating  volumes  of  the  present  or  immediate  past  or 
future.  The  employment  of  the  tools  requires  correlation  of 
volume  in  physical  terms,  such  as  units  produced  or  labor  hours. 


osts  should  be  determined  before  product  standard  costs  are  compu 
his  separation  must  be  done  in  order  to  determine  the  two  overhead 

“St  category  with  different  techniques  of  analysis.  If  there  is  any 
icasurement  error  in  this  separation  procedure,  it  will  affect  the  ev 
don  of  the  performance  of  those  who  have  control  over  the  costs. 2* 

ise.  Typically  some  base  expressive  of  productive  activity  is  chost 


^Separating  and  Using  Costs  as  Fixed  and  Variable, 


Dopuch  and  Birnborg,  p. 


ponses, " N.A.A.  Billlolin,  XXXX1V  (June,  1963),  p.  30. 


graph?)  The  graph  may  also  highlight  any  erratic  cost  behavior  which 
might  have  developed  alter  the  apparent  relationship  has  been  estab- 


This  technique,  however,  may  he  used  satisfactorily  as  a basis  for 
further,  more  rigorous  investigation  and  analysis.  ^ 


is  Fixed  and  Variable,  f 


statistical  analysis. 


cost-output  observations  and  visually  fitting  a curve 


upon.  This  is  the  least  complicated  of  the 


output  measure.  The  accuracy  of  the  estimate,  thus  derived,  will  in- 


results and  that  the  variable  cost  component,  thus  derived,  varies  its 


vior,11  The  Accounting  Review,  XXXX1  (October,  1966).  p.  658. 


ginal  cost  of  the  information"  to  the  "marginal  revenue  gained  from 


estimate  fixed  and  variablo  cost  components  to  be  employed  in  recurring 
decisions  and  the  preparation  of  production  ovorhead  standards  fits  into 

Because  of  the  frequency  of  the  occurrence  of  the  problem,  the  situation 
is  most  likely  to  be  one  in  which  the  marginal  cost  of  obtaining  the  data 
each  time  they  are  needed  would  exceed  the  marginal  revenue  received 
from  the  data.  Multiple  regression  analysis  techniques  will  provide, 
for  example,  an  estimated  marginal  cost  of  a unit  change  in  output  with 
the  total  cost  of  other  relevant  factors  accounted  for,  which  may  then  be 

which  may  also  be  part  of  standard  costing,  e.  g, , flexible  budgeting, 
variance  analysis,  inventory  costing,  or  pricing.46  One-time  problems 

tion,  Just  as  they  probably  would  not  be  involved  with  standard  costs, 
since  these  normally  occur  infrequently  and  require  explicit  considera- 


43lbid. , 


44Ibid.,  p. 


cost  behavior  must  be  approached  with  care.  This  is  because  of  a phe- 
nomenon known  as  drift  and  concerns  some  of  the  points  used  in  the  cal- 

limo  . . . statisticians  refer  to  the  straight  line  established  by  using 
the  least  squares  method  as  the  trend  line-  It  develops  a trend,  but  it 


least-squares  analysis  to  fit  a straight  line  to  any  set  of  cost  data,  re- 
scatter-graph.  50  Thus,  a 1 ine  may  be  fitted  to  data  which  are  highly 
other.  The  reliability  of  the  results  obtained  from  a least-squares  anal- 


A third  shortcoming  of  tho  statistical  techniques  discussod  above 


--  scatter-graphs  and  regression  analysis 

pertain  to  the  future. 1,52  Historical  data  r« 
changing  process,  and  this  process  takes  place  under  specific  conditions 
existing  in  a definite  time  period. 53  If  past  data  arc  used,  Inefficiencies 
of  prior  periods  will  be  reflected  in  the  regression  line.  54  In  addition, 
extended  use  of  historical  data  may  lead  to  distorted  results  due  to  in- 
tervening changes  in  conditions.  55  The  cost  structure  along  with  the 


changes  as  well  as  upon  the  amount  of  the  volume  variation  during  a 
specific  period  of  time.  Furthermore,  the  direction  of  the  output  vari- 

A four Ut  possible  dilemma  arising  from  the  process  of  fitting  a 
trend  line  should  be  mentioned  — the  subjective  element  which  may  be 
interjected  by  tho  unsophisticated  statistician  in  making  his  choice  of 
the  formula  to  be  used,  i.e.,  is  the  relationship  shown  in  the  data  to  be 
handled  in  terms  of  one  of  the  linear  regression  models,  or  is  it  to  be 


analysed  by  means  of  a curvilinear  model?  In  making  this  choice  of 
technique,  he  may  operate  under  his  preconceived,  although  logically 
determined,  notion  as  to  what  he  believes  the  trend  will  look  like.57 
Thus,  the  objectivity  of  the  results  of  the  regression  analysis  lies 
mainly  in  the  use  of  mathematics  to  fit  the  trend  line,  hut  the  problem 
of  subjectivity  may  still  exist  in  the  choice  of  the  appropriate  formula 
and,  therefore,  affect  the  results.  This  problem  tends  to  arise  when 
the  user  of  regression  analysis  is  not  aware  of,  or  is  uncertain  as  to 

which  best  fits  the  actual  relationship  shown  by  the  data. 

A final  problem  in  connection  with  regression  analysis  procedures, 
which  may  be  overcome  easily,  relates  to  the  calculations  themselves. 
They  can  be  very  laborious  and  time-consuming  unless  a computer  is 
available.  The  process  may  also  be  expensive  "because  the  underlying 

the  fundamental  ceteris  paribus  conditions. 1,58  Such  modifications  can 
range  from  the  complete  elimination  of  atypical  data  to  manipulation  of 


Correlation  Analysis 

The  results  obtained  under  the  visual  curvo  fitting  or  the  regression 
procedures  must  meet  two  conditions  if  they  are  to  be  considered  rea- 
sonably accurate  estimates:  "(1)  all  the  plotted  points  /should?  appear 
on  the  regression  line,  and  (2)  the  conditions  which  operated  in  the  past, 
from  which  tile  data  have  been  taken,  /should?  operate  in  the  future. 1,60 
These  conditions  are  rarely,  if  ever,  exactly  met  in  practice,  and  a 
technique  is  needed  to  measure  the  effects  of  failure  to  achieve  them 

In  statistical  analysis  a criterion  does  exist  which  can  be  used  to 
test  the  goodness  of  fit  of  the  regression  line  to  the  data,  and  this  helps 


ysis  to  fit  a line  to  any  set  of  data.  This  criterion  is  the  correlation 
coefficient  which  "measures  the  extent  to  which  the  output  variable  ex- 
plains changes  in  cost.  This  figure  may  be  calculated  as  a by-pro- 
duct of  the  regression  analysis,  since  the  same  data  are  used  for  both 
sets  of  equations.  The  results  obtained  by  carrying  out  this  additional 
analysis  need  to  be  interpreted  carefully.  Even  if  a fairly  high  correla- 
tion coefficient  exists  in  a particular  situation,  the  existence  of  a "causc- 
and-effect"  relationship  should  not  be  assumed.^ 


60Batty,  p 


Dopuch  and  Birnbcrg,  p. 


Correlation  analysis  may  also  bo  useful  in  the  problems  arising  in 

multiple  regression  analysis.  By  means  of  the  multiple  regression 
analysis,  the  effect  of  several  cost-causing  factors  may  be  considered, 
and  correlation  analysis  may  then  be  used  to  determine  the  ones  most 
significantly  related  to  cost.  Correlation  analysis  may  be  employed 
also  to  indicate  how  much  reliance  may  be  placed  on  the  actual  separa- 
tion of  the  costs  which  is  calculated  using  the  selected  volume  base.^3 


overhead  costs  are  viewed  generally  as  being  related  to  a base  esprc6- 
sive  of  physical  activity,  such  as  direct  labor  hours  or  machine  hours. 


resents  an  attempt  to  make  the  resulting  classification  as  objective  as 
possible  while  correlation  analysis  tries  to  measure  the  reliability  of 

but  statistical  techniques,  by  dealing  with  the  past,  bring  back  a situa- 


tion  standard  costing  was  intended  to  alleviate.  Because  of  this  reli- 
ance on  the  past,  statistical  analysis  should  be  viewed  as  only  the  first 

Mere  satisfaction  of  a mathematical  formula  does  not  guarantee 
that  the  flexible  budget  allowance  will  be  reasonable.  Budget 
allowances  should  be  based  on  the  best  estimate  of  future  rela- 
tionships and  these  may  or  may  not  coincide  with  the  relation- 
ships indicated  by  mathematical  equations  derived  from  histori- 


Impact  of  Statistical  Analysis  Upon  Standard  Costs 

Statistical  techniques  employed  to  separate  mixed  and  variable  costs 
are  an  improvement  over  the  accounting  method  in  that  they  may  help 
to  create  the  establishment  of  a more  precise  rate  of  variability  of  the 
cost,  through  the  slope  of  the  regression  line,  and  the  amount  of  the 
fixed  cost,  through  the  constant  term.  They  may  also  increase  the 

for  example.  Correlation  analysis  may  help  in  the  determination 
i most  appropriate  activity  base  to  which  a particular  variable 

ixed  costs  generally  are  overhead  costs,  the  components  of  which 
are  fixed  or  variable.  This  is  particularly  true  when  a standard 


''SiiiU  i;, 


standard  variable  overhead  costs  are  attached  to  the  product  on  the 

basis,  but  their  rate  per  unit  will  be  based  upon  the  par  ticular  capacity 
utilisation  which  is  budgeted,  or  normal,  for  the  period  under  consider  - 

a separation  of  the  misted  costs  into  their  components.  These  include 

discussed  in  Chapter  V,  pp.  128-139  ). 

The  word  ’^precise"  has  come  up  several  times  in  the  discussion  of 
the  results  of  regression  analysis.  The  increased  precision  achieved 
in  the  separation  comes  about,  initially  at  least,  through  the  use  of  a 

tional  precision  may  be  achieved  by  developing  various  other  statistics 
and  analysing  the  results  in  the  light  of  the  new  information.  67  The 


iwo  components  has,  thus  far,  ‘come  from  the  use  of  least-squares 
analysis  which  provides  a clear  dichotomy  between  fixed  and  variable. 


latter  area,  however,  has  a potential  effect  in  that  it  may  help  in  the 
establishment  of  causes  for  variances  in  these  costs,  since  a number 
of  independent  variables  are  considered.  It  may  also  enable  the  analyst 

independent  variables  so  that  a more  forward  looking  approach  may  be 
applied  to  the  establishment  of  standards.  In  any  event,  whether  or  not 
it  is  directly  employed  in  standard  setting,  a knowledge  of  multiple 


regression  analysis  heightens  the  understanding  of  the 


the  analyst  with  respect  to  problems  of  cost  variation. 


viewing  two  of  the  more  traditional  techniques  for  carrying  out  the  de- 
and/or  regression  analysis  were  discussed  along  with  their  limitations. 


The  use  of  correlation  analysis  as  a lest  of  the  reliability  of  the  regres- 
sion analysis  was  brought  in  as  well  as  its  use  as  an  aid  in  finding  the 
appropriate  independent  variable  to  which  the  dependent  variable  should 


A question  was  posed  in  Chapter  II  as  to  whether  the  use  of  statistical 


come  the  defects  which  were  felt  to  exist  in  the  historical  cost  systems,68 
The  statistical  procedures  of  the  present  chapter,  although  relying  on 


historical  data,  provide  a mathematically  precise  and  objective  technique 
for  separating  the  mixed  overhead  costs  into  their  fixed  and  variable 
components  which  may  also  lead  to  more  frequent  updating  of  the  stand- 


ards. Thus,  there  is  improvement  if  such  techniques  at 


VARIANCE  ANALYSIS,  CONTROL.  A 
STATISTICAL  CONTROL  MODELS 


"Variances  constitue  a connecting  link  between  standard  costs  and 
actual  costs. 1,1  They  are  a prime  clement  of  the  control  function  of 
standard  costing  and  are  generally  calculated  after  specific  time  per- 
iods have  elapsed,  e.g. . a month.  The  most  important  type  of  cost 
control  which  should  exist  in  any  system  is  that  exercised  before  the 

e use  of  standards  which  are  kept  current.2  A proce- 
ss discussed  in  Chapter  II  --  learning  curves.  3 

' variance  before  it  can  exercise  improved  control  over 

and  what  oaused  them  to  arise.  " Thus,  the  significance  of  vi 
must  be  determined  in  the  light  of  these  factors.5 


"The  Analysis  of  Manufacturing  C< 
2Ibid. , p.  594. 

"The  Analysis  of  Manufacturing  . 


70 


This  chapter  will  be  concerned  with  the  various  statistical  cost 
control  techniques  which  have  been  suggested  as  ways  to  improve 
standard  cost  variance  analysis,  particularly  with  reference  to  the  de- 
termination of  sources,  causes  and,  perhaps,  responsibility.  Both  a 
brief  review  of  traditional  variance  analysis  procedures  and  the  general 
topic  of  the  meaning  of  statistical  cost  control  will  be  presented  as 
background  for  an  examination  of  the  impact  of  such  techniques  as  con- 
trol charts,  regression  analysis,  modern  decision  theory  including 
Bayesian  statistics,  and  controlled  cost,  upon  standard  costs. 


Traditional  Variance  Analysis 

An  essential  feature  of  variance  analysis  is  the  availability  of  some 
base  capable  of  being  used  for  comparison.  " Under  the  forms  of  cost 


"interesting"  cost  variance  could  be  calculated  — the  variation  in  ac- 
tual coats  between  periods.  These  costs  generally  could  not  be  used 
to  determine  the  degree  of  efficiency  existing  during  the  periods  being 
compared  and.  thus,  the  variations  can  be  used  only  to  indicate  the  di- 
rection of  the  trend  of  the  operational  performance,  not  to  act  as  an 

Standard  costing,  by  recording  costs  on  a "dual  base,  " i.  e. , both 
the  actual  and  tile  standard  cost  are  recorded,  helps  to  provide  more 


Bsmo  article  at  different  times  constitutes  the  important  point, 
not  only  in  the  proper  understanding  but  in  the  appreciation  of 
costs.  The  ability  to  master  this  point  and  to  figure  estimates 
or  predictions  of  costs  from  a standard  under  varying  condi- 
tions gauges  the  comprehension  of  the  meaning  and  value  of 
practical  value.  13/ 

Analytical  procedures  to  be  applied  to  these  variations  to  dc- 

• Application  of  the  management  law  of  exceptions.  /~Manage- 
ment  efficiency  is  greatly  increased  by  concentrating  manager- 
ial attention  solely  upon  those  executive  matters  which  are 
variations  from  routine,  plan  or  standard. 

. Application  of  the  management  law  of  operating  rates.  "^Op- 
erating performance  is  controlled  most  directly  throughcon- 
trol  of  the  rates  of  expenditure  for  labor,  materials,  and  ex- 


Two  methods  of  variance  analysis  were,  and  are 
the  need  for  investigation  when  the  dollar  amount  of 
a predetermined  cut-off  point,  the  other  looks  at  cost  ratios. 16 

An  early  writer,  Cecil  Gillespie,  presented  a discussion  of  the 
types  of  variances  which  may  be  calculated.  These  tend  to  employ  the 


found  in  many  managerial  accounting  textbooks  today. 


comparison  of  Gillespie's  procedure  with  the  more  recent  analysis 


l4L.  Alford,  Laws  of  Management  (New  York: 
1M1),  p.  115,  as  quoted  by  Upchurch,  p.  28, 

15lbid. , p.  29. 

'^Robert  Wallace  Koehler.  An  Evaluation  of  Convc 
Michigan  Stato  University,  1967),  p.  15.  ° 


involved,  the  absolute  vari- 


ance, price  or  quantity,  may  be  greater  before  warranting  an  investi- 
gation. A predetermined  cut-off  point  would  not  permit  such  floxibil- 


The  traditional  accounting  control  model,  which  has  been  the  one 


marized  as  follows:  the  standard  cost  is  developed  as  a point  estimate 
from  which  deviations  are  calculated:  control  is  based  on  a subjective 
decision  regarding  the  determination  of  the  cut-off  point  and  it  is  car- 
ried on  after  the  fact.21  The  subjectivity  does  not  lead  to  a clear  dif- 
ferentiation between  the  causes  of  the  variation,  i.  c. , are  they  caused 
by  factors  under  management  control  or  by  something  beyond  anyone's 


Three  Problems  of  Traditional  Techniques 


on  some  subjective  rules,  whether  or  not  to  investigate.  22  The  first 
problem  is  in  the  dependency  on  subjectivity.  The  techniques  which 

20Koohlpr,  p,  16. 

21Mohamed  Onsi,  "Quantitative  Models  for  Accounting  Control,  " 
The  Accounting  Review.  XXXXII  (April,  1967),  p,  322. 

2zL.ouis  A.  Tuzi,  Statistical  and  Economic  Analysis  of  Cost  Vari- 


sore  scientific  rule. 


Statistical  Cost  Control 


Control  System  Requirements 

The  main  purpose  of  cost  control  is  the  maximisation  of  operational 
efficiency.  This  is  done  by  looking  for  any  abnormalities  in  perform- 
ance which  would  indicate  that  the  process  is  out  of  control  due  to  as- 
signable causes.2®  There  are  at  least  three  objectives  which  should 
be  met  by  any  cost  control  system  if  it  is  to  be  effective: 


from  it  should  be  identified, 
analysis  which  assumes  that  the  standard  for  a particular  operation 


of  management,  this  implies  that  there  has  been  a "significant"  devia- 
tion from  the  standard. 27  The  first  objective  will  also  be  met  by  the 
various  statistical  control  procedures  in  that  these  techniques  will  sig- 


Schlaifcr,  p.  608. 


An  Operational  Concept  and  Statis- 
Thc  Accounting  Review,  XXXXIII 


It  is  generally  assumed  that  the  probability  distribution  from  which 
the  samples  are  drawn  is  a normal  one.  Although  this  is  a practical 
assumption,  it  may  not  be  a valid  one.  However,  as  long  as  there  is 
no  significant  deviation  from  the  shape  of  the  normal  distribution,  the 


The  typical  shape  of  the  normal  ct 


a concentration  of 


numbers  of  observations  at  the  extremes  --  a monomodal,  bell-shaped 


frequencies  at  the  extremes  are  not  distributed  symmetrically.  This 
type  of  distribution  is  called  skewed.  38  There  is  a feeling  that  many 
accounting  costs  tend  to  have  a skewed,  rather  than  normal,  distribu- 


ti- normal  distribution  may 


estimation  of  an  unknown,  possible 


buUon  of  sample  means  rather  than  the  distribution  of  the  individual 


are  applied: 


the  latter  have  a non-normal  distribution,  if  two  theorems 
the  Law  of  Large  Numbers  and  the  Central  Limit  Thoorcm. 


presented  on  page  75.  In  contrast,  were  this  model  based  upon  the  con- 
cepts of  classical  statistics,  it  would  have  the  following  properties: 

(1)  Standard  cost  is  equal  to  the  mean  of  a normal  probability 

(2)  Standards  arc  developed  as  ranges,  not  point  estimates; 

(3)  The  allowable  deviation  is  represented  by  the  size  of  the  con- 

(4)  Investigation  is  exercised  when  one  or  more  consecutive  ob- 
servations lie  outside  the  control  limits.41 

Two  types  of  deviations  from  standard  are  assumed  to  exist  under  such 


f.  = E(Xk)  exVisrts?Ihen7o^ 


IXLV. 


Central  Limit  Theorem  Let  Jxk]  be  a sequonco  of  mutually  indepen- 
dent random  variables  with  a common  distribution.  Suppose 
Then  tor^v cry  til "dVar(Xk>  ““**  an<1  lct  sn  = *1  *•  • • • • +•  X„. 

where  d)(x)  is  the  normal  distribution  ..." 


. Only  the  latter  ty 


distribution  of  cost  around  the  standard, 
he  standards  based  on  the  empirical 
the  managerial  accountant  has  to 


evidence.  Those  difficulties 


develop  systems  based  on  expected  costs,  not  the  traditional  actual  cost 
the  expected  cost,  or  mean,  leads  to  the  further  assumption  that  the  un- 


«lbid.,  p.  322. 


Control  Charts 


The  concept  of  statistical  control  leads  to  the  use  of  a range  of  costs 
rather  than  a single  value  for  purposes  of  comparison  and  control  limits 
to  designate  the  band  of  costs  felt  to  be  acceptable  chance  variations 
from  the  mean. 4 Any  costs  which  exceed  either  limit  are  deemed  to 
have  been  caused  by  nonrandom  factors,  therefore  controllable,  and 


that  the  costs  being  analysed  are  "generated  by  a well-behaved  undcr- 
Chebyshcv's  Inequality4? 

This  is  a generalised  control  limit  type  procedure  which  may  be 


termine  how  significant,  in  probability  terms,  a variance  from  stand- 
ard is  "by  finding  the  lower  bound  (or  upper  bound)  of  the  probability 
that  a variance  will  be  less  (or  greater)  than  a certain  number  of  standard 
deviations.  The  analyst  will  be  able  to  ascertain  what  percentage  of 


4^Luh,  The  Accounting  Review,  p.  123.  4^bid.,  pp.  123-124. 

^"Thoorem:  Let  Xbe  a random  variable  with  mean  Ai-  E(X)  and 
variance  --  Var(X) . Then  for  any  t > 0 

*it*-M*  *1*  »*/.*. " FeUer.  p.  219. 


This  technique  is  more  of  a theoretical  tool  than  a practical  one. 
"The  importance  is  due  to  its  universality,  but  no  statement  of  great 
generality  can  be  expected  to  yield  sharp  results  in  individual  cases.  "5Z 
Chebyshcv's  inequality  uses  individual  observations  of  cost,  the  dis- 
tribution of  which  may  be  unknown,  This  accounts  for  its  universality 


known,  distribution  and  a finite  variance  can  be  computed,  than  the  Cen- 


Quality  Control  Cl 


■t  Concepts 


et  forth  in  the  1 ‘ 


The  concepts  of  quality  control  charts  tv. 
by  W.  A.  Shewhart.  He  felt  that  thero  were 
of  control,  "variability"  and  "stability":  variability  because  the  qual- 
ity being  analysed  must  vary  in  order  to  require  control:  stability  be- 
cause the  variations  should  occur  only  within  predetermined  limits. 

of  a product  vary  and  yet  be  controlled?"55  This  problem  is  equally 


A basic  assumption  in  the  establishment  of  a statistical  control 
limit  is  that  the  standard  cost  is  equal  to  the  average  cost  as  deter- 
mined from  a number  of  observations  felt  to  be  representative  of  "be- 

the  control  limits  can  be  established  by  means  of  a formula  and  a set  of 
tables.  An  additional  assumption  is  that  the  distribution  of  the  data  is 
normal.  To  ensure  this,  the  sample  moans  are  plotted  rather  than  the 

ically  used  is  the  X chart  which  plots  the  sample  means.  The  other. 


re  calculated  as 


the  R chart,  plots  sample  ranges.  This  latter  chart,  which  rarely 
goes  out  o f control  and  thus  may  be  ignored  in  future  discussions,  is 
used  to  control  variability  within  the  process.  However,  process  vari- 
ability also  may  bo  controlled  with  the  X chart  whon  it  is  subjected  to 

The  control  charts  are  initially  established  from  past  data  on  cost 

trol.  Once  the  assignable  causes  of  variation,  or  out- of- control  points, 
have  been  erased  from  the  data,  the  control  limits  should  be  revised. 
These  new  boundaries  may  be  used  to  analyse  future  data  only  if  the 

are  necessary  to  reflect  any  permanent  changes  made  in  the  firm's 
operating  policy.59  Shewhart  defined  the  desired  conditions  of  control 

lion  reached  when  the  chance  fluctuations  in  a phenomenon  are  produced 


size  are  known,  a table  called  "Factors  for  Determining  from  R the  3- 
Sigma  Control  Limits  for  X and  R Charts"  may  be  used  to  determine 


be  obtained  from  the  use  of  a control  chart.  The  first,  and  mos 
ous,  is  the  existence  of  samples  which  fall  outside  the  limits,  tl 


probably  Indicating  that  son 


■ nonrandom,  therefore  controllable,  fac- 


mined  to  be  statistically  significant,  it  may  be  an  indication  of  a shift 
in  tlte  process  average  due  to  a "force  acting  on  the  data  outside  the 


trol  limit,  or  some  secondary  limit,  e.g.,  the  2<r  limit,  might  occur. 
Or,  finally,  a trend  maybe  seen  in  the  points.64  These  latter  warnings 


The  approach  of  quality  control  charts  for  cost  control  is  generally 
felt  to  bo  applicable  only  to  labor  costs  but  it  may  be  used  also  for  ma- 
terial costs,  since  samples  of  these  latter  costs  are  obtainable  on  a 


(Ph.D.  Dissertation),  p. 


sis  as  a technique  for  variance  analysis  was  written  by  Joel  Dean  in 


a way  of  segregating  the  uncontrollable  deviations  from  the 
Since  that  time  there  have  been  a number  of  articles 

tiple,  as  applied  to  a specific  cost  control  situation.67 

In  order  to  use  a statistical  technique  such  as  regression  analysis 


se  unknown  factor(s)  (independent  variable(s)). 


65Probst,  The  Utilisation  of  . . p.  32. 

kj.  Dean,  "Correlation  Analysis  of  Cost  Variation,  " The  Accounting 
Review,  xn  (January,  1937),  p.  55. 

67  For  example:  A.  W.  Patrick,  "A  Proposal  for  Determining  the 
Significance  of  Variations  from  Standard,  " The  Accounting  Review. 
XXVIII  (October,  1953),  pp.  587-592;  Eugene  E.  Comislcoy,  "Cost  Con- 
trol by  Regression  Analysis,  " The  Accounting  Review,  XXXX1  (April, 

Hector  R.  Anton  and  Peter  A.  Finuin  (2nd  ed!  i Boston:  Houghton  Mif- 
flin  Company.  1972),  pp.  107- 120;  Edwin  Mansfield  and  Harold  H.  Wein, 
"A  Regression  Control  Chart  for  Costs,  " in  Studies  in  Cost  Analysis, 


purpose  when  the  model  has  only  two  variables.  One  possible  relation- 
ship which  has  been  suggested  for  use  is  that  between  consumption  and 
variation.  ® Also,  a regression  line  may  be  fitted  to  the  scatter  of 

variance  analysis,  may  be  measured  by  means  of  the  standard  error  of 
the  estimate  which  is  a "measure  of  the  statistical  variation  which  has 


It  is  still  possible  to  establish  "control  limits"  around  the  regres- 
sion line.  These  limits,  although  calculated  differently,  will  serve 
the  same  purpose  as  the  control  limits  determined  for  the  more  typical 
quality  control  chart.71  The  standard  error  of  the  estimate  is  used  for 
this  purpose.  2 As  in  the  quality  control  chart  techniques,  the  obser- 
vations about  the  regression  line  should  be  scattered  randomly  and 


act  as  signals  of  a change  in  the  variation  pattern. 73 

Generally  the  data  plotted  on  a regression  control  chart  are  not 
sample  means,  but  individual  observations.  Therefore,  the  distribution 
should  be  more  nearly  normal  than  for  the  quality  control  chart.  A 
second  difference  is  in  the  "measure  of  central  tendency.  " In  the  qual- 
ity control  chart,  the  mean,  which  is  developed  from  the  parameters  of 
the  system,  is  used;  in  the  regression  version,  a line  or  plane  created 


70Ibid. 


A procedure  such  as  the  regression  control  chart  is  open  to  several 
objections,  as  well  as  possessing  advantages.  Among  the  advantages  are 
the  ability  to  isolate  the  explainable  parts  of  the  variance  which  would 

possibility  of  eliminating  some  of  the  off-set  or  average-out  problems. 

Despite  these  advantages,  there  are  some  serious  objections.  One 
has  been  mentioned  before  in  connection  with  regression  analysis  — 
the  technique  is  based  on  the  past;  the  regression  line  and  its  coeffi- 
cients are  determined  from  past  variances  and  relationships . Second, 
the  segregation  of  the  variances  into  controllable  and  noncontrollable 
types  is  not  complete  since  it  is  limited  by  the  amount  of  the  relation- 
ships which  can  be  measurod  statistically.  Finally,  the  variances  are 
only  measured  by  the  procedure,  not  controlled. 

the  conventional  quality  control  chart,  is  the  fact  that  only  a signal  is 

as  in  the  conventional  standard  cost  variance  analysis  techniques.  An 
additional  failure  of  both  control  chart  techniques  is  the  lack  of  consid- 


Mansfiold  and  Wein,  p 


eration  of  the  cost  of  investigating  the 


Illustration  of  regression  control  limits 


these  observations.  As  long  as  the  problem  involves  only  two  variables 
it  is  possible,  if  desired,  to  draw  a scatter  diagram  of  the  points,  xiyi. 
This  chart  may  be  helpful  in  determining  the  form  of  the  equation  to  be 
usod  in  fitting  the  regression  line  and  the  control  limits. 

If  it  is  assumed  that  the  desired  model  is  Unear,  the  trend  line  e- 
quation  may  be  expressed  as  Y = jtbx  where  the  coefficient,  b,  rep- 
resents the  slope  of  the  Une  and  the  constant,  a,  establishes  the  inter- 
cept of  the  line  with  the  vertical  axis  (see  Figure  4) . 

Once  those  coefficients  are  developed,  they  may  be  used  to  calculate 

tion  from  regression,  conditional  standard  deviation).  The  formula  for 


The  result  for  Syx  may  be  used  much  like  the  standard  deviation 

in  establishing  control  limits  around  the  regress  on  Une.  Thus,  1 IS 

Includes  68  per  cent,  i 2S„  x 95  per  cent,  and  *3S„  x 99.7  per  cent 

^Herbert  Arkin  and  Raymond  R.  Colton.  Statistical  Methods  (4th 
ed.  revised;  New  York:  Barnes  & Nobles,  Inc.,  1956),  pp.  77-78. 


. model  of  this  type  for  control  purposes, 


duo  to  random  causes  should  faU  within  the  i3S  limits  most  of  the 
time  and  any  variations  falling  outside  these  limits  are  probably  not  due 
to  random  causes  and,  thus,  require  investigation. 

Impact  on  Standard  Costs 

Quality  control  chart  techniques  are  quite  closely  related  to  the  more 
traditional  standard  cost  variance  analysis  techniques.  The  major  im- 
pact of  these  procedures  on  standard  costing  is  the  development  of  a 
band  of  costs  to  replace  the  conventional  single  point  estimate.  83  This, 
because  of  the  control  limits,  helps  bring  to  light  variances  which  may 

be  brought  to  the  attention  of  management.  The  costs  which  are  used  in 
the  regression  control  charts  are  estimates  which  "are  not  equivalent 
to  carefully  constructed  standard  costs,  " and,  thus,  do  not  have  as  im- 


but  daily  or  weekly. 


ot  at  the  end  of  the  month,  for  example, 
timely  analysis  helps  prevent  the  over- 


le  classifications. 85  Usually  there  are  a number  of  off- 


85Edwin  W.  Gaynor,  "Use  of  Control 
Thomas,  Jr.,  p.  836. 


Charts  in  Cost  Control,  " in 


setting  plus  and  minus  variations  which  will  be  overlooked  when 


to  interval.  The  more  frequent  obscr- 
re  that  many  of  these  deviations  will 


be  noted.  The  detection  of  the  cause  of  the  variance  also  will  be 
easier.  The  only  information  which  may  not  be  directly  ascertainable 
from  the  control  charts  is  the  establishment  of  who  is  responsible  for 

The  time  series  plot  of  the  sample  means  developed  with  quality 
control  charts  informs  the  analyst  of  the  possible  need  for  a revision 
due  to  a change  in  the  process  average  by  allowing  him  to  look  for  trends 
or  runs  in  the  series.  Thus,  a new  signal  is  given  as  to  when  the  stand- 
ot  just  the  passage  of  a sufficient  length  of  time 
a substantial  irregularity.  Also,  quality  control 

r,  through  sample  observations,  not  only  elimi- 
te  assignable  causes,  but  may  also  show  the  effects  of  the  learning 


tc  variance  analysis  must  be  "free  of  contamination.  "* 


ist,  The  Utilization  of  . 


cannot  bo  aggregated;  "to  achieve  pure  basic  data,  the  data  must 


sent  a single  activity  for  a single  production  effort.  Therefore,  al- 
though the  accountant  may  need  to  aggregate  the  product  costs  for  inven- 
tory purposes,  for  example,  he  must  be  able  to  provide  the  individual 
elements  for  variance  analysis. 


Other  Statistical  Control  Models 
Two  general  types  of  models  will  be  considered  in  this  section, 
both  of  which  are  no  longer  part  of  the  classical  statistical  mold:  mod- 
ern decision  theory  with  an  emphasis  on  the  Bayesian  decision  rule  and 


all  possible  alternative  parameters  may  be  considered  rather 
the  posterior  probabilities  are  determined. 91 


Earlier  in  the  chapter  the  characteristics  of  the  traditional  and 
classical  statistical  accounting  control  models  were  described.  92  This 

ideas  of  modern  decision  theory  are  used,  especially  Bayesian  analysis. 


90lbid. 


1Koelller,  p. 


The  point  estimate  standard  cost  ia  replaced  by  an  expected  value  con- 
cept! control  is  carried  out  through  a combination  of  scientific  analysis 


atlng  segment  is  operating  out  of  control,  the  costs  of  operating  out  of 
control  and  the  costs  of  investigation.  Figure  5 presents  a compar- 


le  three  types  of  control  models,  t 


considered  under  the  heading  of  modern  decision  theory.  One  of  these 
models  was  proposed  by  Bierman,  Fouraker  and  Jaedicke.  This  model 
is  based  primarily  on  a desire  to  minimis,  the  cost  of  investigation. 

The  authors  add  a new  measure  to  the  investigate/do-not-investigate 
decision:  "the  probability  of  the  variance  occurring  from  random 


ises,  which  is  then  used  to  arrive  at  a cost  for  each  of  the  two  pos 
le  actions.  The  standard  cost  for  a particular  item  will  be  the  ex- 
led  value  of  the  actual  cost,  and  the  determination  of  this  expected 


value  requires  the  assumption  of  a normal  distribution  for  the  coat.96 
As  in  the  quality  control  chart  technique  it  is  assumed  also  that  the 
variances  are  equally  likely  to  be  favorable  or  unfavorable  and  that 


:e  boing  caused  by  random  nc 


The  procedure  suggested  by  Bierman,  Fouraker  and  Jaedicke  de- 
termines the  probability  distribution  of  each  cost  item  at  every  pos- 
sible level  of  activity.  ^9  As  in  the  control  chart  technique,  a range  of 
costs  is  established  to  help  in  the  determination  of  those  variances 
which  require  investigation. 100  The  analyst  should  also  assign  weights 
to  the  Typo  1 and  Type  II  errors.  101  There  are  two  circumstances  in 
this  model  which  would  make  it  appropriate  to  investigate  a given  de- 
viation: cither  the  deviation  is  deemed  likely  to  occur  based  on  its  mean 


and  standard  deviation,  or  its  absolute  magnitude  is  so  great  relative 


96lbid. , pp.  15-16.  Hbid. . p.  16.  ,8Ibid. , p.  18. 

"Harold  Bierman,  Jr.,  Lawrence  E.  Fouraker  and  Robert  K. 
Richard  D.  Irwin,  Inc.,  1961),  p.  111.  ' 


Getting  up  of  the  probabilities  of  different  variances  from  standard 
which  are  then  used  to  calculate  the  critical  probability  which  is  the 

factors.  Figure  6 is  a representation  of  the  decision  chart  and 

to  that  the  mean  of  these 
(3)  the  distribution  of  possible  controllable  cost  deviations  is 


Investigate  investigate 


present  value  of  tile  estimate  ef  cost  inefficiencies  in 
probability  of  State  1 occurring 


C > L(1  - p)  do  not  investigate 


Figure  7 Conditional  Cost  Table 


•e  greater  benefits  to  be  derived  if  the 

2 One  of  the  assumptions  of  the  model  is  that  of  positive  average 
controllable  deviations;  therefore,  "the  possible  negative  values 
of  y /the  expected  deviation/  have  a small  probability  of  occur - 

The  Bicrman,  Fouraker  and  Jaedicke  model  may  be  considered  as 

features  of  the  classical  models,  e.  g. , the  requirement  of  a normal 
in  Type  1 and  Type  11  errors  which  are  not  of  primary  importance  in 


begins  (he  analysis  by  setting  up  a "subjective  probability  distribution 
for  the  unknown  parameter  boing  investigated. 1,1 ' 0 

Onsi  based  his  model  on  two  assumptions: 

1 The  investigation  decision  is  initially  based  on  incomplete  in- 
formation which  has  been  derived  from  a random  sample  of  the 
output  units:  this  sample  is  felt  to  be  "a  good  representation  of 
the  population"  from  which  it  is  taken. 

2 In  addition  to  analysing  the  total  variance  into  their  price  and 
efficiency  components,  the  accountant  also  wants  to  ascertain 

a Are  defective  units  "controlled  within  normal  expectations?1 
b Are  the  standard  per  unit  quantities  of  material,  labor  and 


variable  overhead  "controlled  within  the  prescribed 

This  model  differs  from  the  classical  statistical  model  in  that  it 
looks  at  tlie  value  of  information  as  determined  from  tho  "reduction  of 
the  expected  cost  of  the  proposed  Initial  decision"  as  compared  to  the 
sampling  coot.  In  the  classical  statistical  model  the  value  of  informa- 


In  both  tho  Bicrman,  Fouraker  and  Jaodioke  and  the  Onsi  models. 


in  the  investigation  decision 


rule.  The  major  difference  between  these  models  is  in  the  method  of 

or  greater  than  some  "actual  probability. " The  analyst,  using  the 
meter  assuming  some  specific  value. 1 


The  system  is  based  on  two  assumptions,  the  first  of  which  is  an 


niation  obtained  from  a sample  of  controlled  performance.  This  sample 
is  considered  as  having  been  taken  "from  the  universe  of  controlled  per- 


a frequency,  or  distribution,  function.  It  takes  the  place  of  the 
standard  cost  concept.  The  basic  approach  of  the  model  is  the  testing 
of  the  hypothesis  "that  two  samples  were  taken  from  the  same  universe.  "^9 
The  results  of  this  test  are  then  used  in  making  the  investigation  deci- 
sion. 120  The  test  takes  into  consideration  three  variablesr 

2.  precision.  The  magnitude  of  the  difference  in  the  probability 

3.  reliability.  The  probability  corresponding  to  the  precision  ob- 
tained from  tobies,  i.e.,  the  degree  of  assurance  in  stating  ^ 

Figure  8 is  a flow  chart  depicting  lath's  procedure,  in  this  model 


has  been  set  up  as  a probability  distributic 


the  deviation  of  the  probability  distribution  of  actual  cost  from  the  prob- 
ability distribution  of  controlled  cost.  "122  This  deviation  may  be  ex- 
pressed in  various  ways,  depending  on  the  type  of  distribution  function 


^^Probst,  The  Utilization  of  . . .,  p.  34. 


Luh  (Ph.D.  Dissertation), 


Luh,  (Ph.D.  Dissertation),  p,  61. 


Figure  8 Flow  Chart  of  General  Test  Procedure 


beyond  an  analysis  of  the  mean  because  the  cosl  analysis  is  based  upon 
a probability  distribution.  By  means  of  such  a more  complete  analysis 
of  the  cost  data,  previously  overlooked  deficiencies  may  be  brought  to 
light. There  are  several  other  ways  in  which  controlled  cost  differs 


is  a probability  distribution 


suring  the  efficiency  of  performance 


?.  Cost  at  all  ranges  of  performance  is  included,  with  a probability 


3 Normality  is 

random  samples  are  analyzed  by  m 
sampling  distributions  of  means  am 


probability  expression  by  using  the  Kolmogorov-Smirnov  limit  theorem. 


See  Lull,  The  Accounting  Review,  pp.  131-132  for  a discussion 
le  Kolmogorov-Smirnov  limit  theorem,  F-distribution  and  t-distri- 
sn  as  well  as  references  to  sources  of  additional  information  on  the* 


the  basis  that  both  the  actual  costs 


although  some  of  them  are  equally  applicable  to  any  statistical  procedure: 
l The  operation  being  analysed  should  be  repetitive,  at  least  during 


systems, 127 


The  preceding  three  statistical  models  have  carried  the  concept  of 


theorems  and  tables  of  values. 


huh  (Ph.D.  Dissertation), 


models  must  be  utilized  with  repetitive  operations.  This  has  been 


decision  by  looking  into  tho  cost  of  making  an  investigation.  This  is 
not  considered  under  the  traditional  variance  analysis  system,  the  clas- 

which  normally  would  be  overlooked. 

crises  and  the  revelation  of  means  of  improving  curront  operating  effi- 


The  expected  cost  still  is  a band  of  costs,  but  the  range  is  subjcc  - 

dynamic  character  than  the  traditional  or  classical  statistical  models. 

standards  would  still  have  to  be  developed  to  serve  several  of  the  other 
applications  of  standard  costing. 130  Thus,  greater  demands  will  be 
placed  on  the  cost  accountant  if  any  of  the  statistical  models  are  adopted 


A major  difference  in  Ihe  models,  besides  the  type  of  standard 
which  is  developed,  relates  to  the  making  of  Ihe  investigate/do-not-in- 

of  making  Ihc  investigation  in  reaching  this  decision;  the  other  models 


Three  problems  of  traditional  control  techniques  at 
subjectivity  in  the  investigate/do-not-investigate  decision,  "avorage- 
out"  problems,  and  the  commission  of  Type  I and  Type  II  errors. 131 

The  investigation  decision  is  no  longer  solely  based  on  a subjective 
judgment,  and  the  chance  of  incurring  either  a Type  I or  Type  II  error 

out  of  control  process.  These  warnings  not  only  can  show  when  a sig- 

cliangcd,  thus  signalling  a need  to  revise  the  standard. 

The  major  impact  of  these  statistical  models  on  standard  costs, 

of  standards,  an  expected  value,  or  a probability  distribution.  Despite 


a significant  deviation  from  standard  has  occurred,  an  after-the-fact 
datum,  and  do  not  provide  any  before-the-fact  indication  of  trouble 
spots,  although  control  charts  hint  at  such  problems,  nor  do  they  give 
suggestions  as  to  how  to  improve  operating  efficiency  — the  other  ob- 
jectives of  an  effective  cost  control  system. 


LINEAR  PROGRAMMING,  OPPORTUNITY  COSTING, 
AND  EXPANSION  OF  THE  CONTROL  HORIZON 


programming  in  particular,  is  discussed  separately  in  this  chapter  be- 
cause the  techniques,  while  still  related  to  standard  costing  and  the 
traditional  concepts  of  variance  analysis,  use  a different  point  of  view, 
that  of  opportunity  cost.  Also,  although  the  techniques  are  being  sug- 

with  control  of  only  secondary  importance. 

The  area  of  management  science  also  brings  up  a related  topic  — 

up  in  the  second  part  of  the  chapter . 


Several  presentations  of  the  traditional 


these  procedures  in  mathematical  terms  has  two  chief  advantages: 

1 There  is  increased  precision  in  the  expression  of  the  techniques; 
loss  ambiguity  in  the  meaning  of  the  terms:  and  a clearer  oxpo- 


2 Equivalent,  alternative  formulations  are  possible,  which  may  be 
used  to  reconcile  different  presentations  of  the  same  technique 
or  can  help  in  situations  where  the  data  are  not  available  for  one 
formulation,  but  are  for  one  of  the  alternatives, 3 


Programming  techniques  meet  the  above  advantages  of  mathemati- 

becauso  of  the  similarity  of  the  underlying  approaches  of  both  accounting 
and  programming  to  certain  managoriat  problems.  Also,  accountants 
will  need  to  supply  much  of  the  data  used  in  various  managerial  deci- 
sions in  which  somo  sort  of  programming  model  will  be  employed.4 


Mathematics  of  Variance  Analysis,  " The  Accounting  Review,  XXXV11 
(July,  1962),  pp.  -115-432  and  Zenon  S.  Zannctos,  "On  the  Mathematics 
of  Variance  Analysis,  11  The  Accounting  Review.  XXXV11I  (July,  1963), 


Frank  Werner  and  Rene  Manes,  "A  Standard  Cost  Application  of 
Matrix  Algebra,  " The  Accounting  Review.  XXXX1I  (July.  1967), 


Nicholas  Dopuch,  "Mathematical  Programming  and  Accounting  Ap- 
proaches to  Incremental  Cost  Analysis,  " The  Accounting  Review, 


The  term  "mathematical  programming"  is  used  here  in  order  to 
keep  the  discussion  open  to  the  possible  introduction,  in  the  future,  of 


tr  programming. 


. However,  two  programming  techniques 


Linear  algebra  is  a computational  technique  which  the  accountant 
may  use  to  develop:  (i)  estimated  per  unit  costs  for  various  pro- 
ducts; and  (2)  estimated  total  activities  and  inputs  required  to 
achieve  a given  level  of  net  output.  5 


. . . can  go  a step  further  than  linear  algebra  in  that  it  can  be 
used  in  predicting  what  the  desired  net  output  should  be.  In  ad- 
dition, linear  programming  can  handle  joint  products  and  multiple 


Typically  linear  programming  is  employed  as 


of  variance  analysis:  parametric 


XXXVIH  (October,  1963),  p.  745. 


* Fcltham,  p. 


Thom  is  a cotmoclion  which  can  bo  shown  to  exist  between  the  mar  - 
ginal  cost  curve  of  a firm  and  its  standard  cost  system.  The  marginal 
cost  curve  is  needed  when  standard  costing  is  attempting  to  measure 
total  variable  cost  at  a given  output  level  --  standard  direct  costing, 
and  also  when  it  is  assigning  a cost  to  variances. 12  Mathematical  pro- 
gramming is  needed  as  an  aid  to  marginal  costing  because  of  the  num- 
ber of  factors  in  a firm  which  may  be  available  in  limited  supply  and 
yet  be  demanded  by  several  competing  uses,  e.  g. , a limited  amount  of 
a particular  raw  material  being  required  by  several  different  products. 


easily  to  determine  the  firm's  optimal  policy,  but  it  is  a more  compli- 
cated process  when  there  are  several  such  constraining  resources. 
Mathematical  programming  techniques  determine  the  optimal  profit,  or 
minimum  cost,  subject  to  sevoral  constraints,  and  in  this  way  the  opti- 


tages  of  using  marginal  costing  (direct  costing)  as  the  basis  for  short- 


^Horngren,  p.  948. 

Joel  S.  Demski,  "Variance  Analysis  Using  a Constrained  Linear 
Model,  " in  Solomons  (1968),  p.  528. 

i3j.  M'  Samuels,  "Opportunity  Costing:  An  Application  of  Mathe- 
matical Programming,  " The  Journal  of  Accounting  Research,  lit 


run  decisions  on  price  and  output. "i4 
discussion  may  be  based  on  either  actual  variable  co 
direct  costs  but,  because  of  the  planning  aspect  of  re 


In  torms  of  programming,  "variances  are  regarded  as  changes  in 
the  data  inputs. " The  cost  of  a "variance"  is  determined  from  its  effect 
on  the  optimum  profit  and  is  determined  from  the  shadow  prices,  or  op- 
portunity costs,  developed  in  the  solution.  "The  resulting  opportunity 
cost  figures  reflect  the  effects  of  variances  on  net  income.  ",7 


The  approach  of  programming  is  considered  to  be  mutatis  mutandis, 
whereas  traditional  accounting  may  be  considered  to  be  a ceteris  pari- 
bus  approach.  8 Tile  former  considers  "optimum  adjustment"  and 
"gauges  significance  by  determining  the  opportunities  foregone  as  a re- 
sult of  the  deviation  and  failure  to  respond  to  it,  " while  the  latter  con- 


14Ibid..  p.  183. 

iSThe  planning  aspect  of  the  model  implies  a before  the  fact  action 
which  necessitates  the  use  of  predetermined  costs  — therefore,  stand- 
ard rather  than  actual.  However,  it  may  be  possible  to  incorporate  a 
band  of  costs  into  the  analysis  rather  than  a single  point  estimate. 

*8Demski,  "Variance  Analysis  . . .,"p.  5Z6. 


^18lbid. , p.^530.  Coteris  paribus  refers  to  a type  of  analysis  where 
Jtaiu;  mutatis  mutandis  type  analysis  permits  all  the  variables  to  be  ad- 


deviations  as  being  measured  only  by  the  diffcr- 


which  was  produced.20  To  do  this,  the  traditional  analysis  has  to  bo 


...  by  analyzing  the  period's  events  in  terms  of  thoir  effect  on 
sponsc  decision  problem  into  the  accounting  process.  22 


Two  Suggested  Opportunity  Cost  Approaches 


Brief  illustrations  of  these  models 
the  end  of  the  study. 


J.  M,  Samuels  presented  a system  in  which  the  shadow  prices  are 


‘9lbid. 


problem  (or  may  be  read  off  the  solution  to  the  primal  problem)  can  be 
used  to  calculate  the  opportunity  costs!  "the  shadow  prices  of  the 


limiting  factors  reflect  the  values  of  their  marginal  products. "24 

The  shadow  prices  can.  undor  Samuels'  system,  be  used  as  the  basi 
of  the  standard  cost  system;  thoy  can  be  employed  to  charge  department 
for  the  uso  of  scarce  resources. 2S  In  the  traditional  accounting  pro- 
cess, unabsorbed  overhead  may  result  when  a department  fails  to  pro- 


due  to  the  above  failure  is  considered  to  be  the  "real  loss"  to  the  firm.  24 
If  the  department  is  operating  under  the  optimal  plan,  it  should 
break  even  using  the  shadow  prices.  It  can  achieve  a profit,  favorable 
variance,  it  is  able  to  operate  better  than  under  the  expected  technolog- 
ical relationships  but  "its  profit  will  not  be  at  the  expense  of  one  of  the 

when  the  budgeted  inputs,  as  determined  from  the  shadow  prices,  are 


exceeded.  Appendix  C is  a summary  of  Samuels'  oxample  of  his  system, 
chieves  two  objectives:  the  firm  has  maximised  profits  while  obtaining 
its  own  goals  irrespective  of  those  of  the  other  departments  or  the  firm 


2!jbid..  p. 


The  technique  maybe  considered  as  being  part  of  the  opportunity 
cost  approach  because  it  compares  what  the  firm  did  accomplish 
during  the  planning  period  being  analyzed  with  what  it  should  have  ac- 

The  ex  post  system,  by  looking  at  actual  performance  and  the  origi- 
nal plan  simultaneously,  differs  from  the  traditional  accounting  system 
which  only  views  actual  performance  as  it  relates  to  the  original  plan 
and,  generally.  Ignores  shifts  in  the  latter,  i,  c. , the  traditional  sys- 
tem looks  only  at  ex  ante  and  actual  results  and  the  monetary  signifi- 
cance of  any  deviations  between  these  results.  32 

The  ex  post  analysis  goes  one  step  further  than  the  traditional  sys- 
tem. It  recomputes  the  optimal  plan,  as  calculated  in  the  ex  ante  pro- 
gram, using  tho  observed  figures  to  re-cstiroalo  the  inputs.  The  new 
solution  represents  the  optimum  program  that  should  have  been  deter- 
mined if  the  initially  forecasted  data  had  been  correct.  33 

Traditional  variance  analysis  views  the  difference  between  actual 
and  standard  results  for  a specified  output:  ex  post  analysis,  in  contrast, 
also  explicitly  signals  output  deviations  and  develops  opportunity  costs 


Joel  S.  Demski,  "An  Accounting  System  Structured  on  a Linear  Program- 
ming Model,  " The  Accounting  Review.  XXXX11  (October,  1967),  p.  702. 


not  between  actual  and  ex  post  or  ex  ante  standard  results  at  a 

able  for  ex  post  systems,  while  it  is  treated  as  an  exogenous 

2 The  analysis  covers  all  planning  model  inputs,  not  just  the  factors 
which  show  up  in  the  optimal  solution,  i.  e. , cost  and/or  revenue 


The  results  which  are  obtained  and  the  meaning  of  their  differences 
may  be  summarisied  as  follows: 


. . . three  sets  of  results:  the  ex  ante,  the  observed,  and  the  ex 
crude  measure  of  the  firm's  forecasting  ability.  It  is  the  differ- 


period  end  what  it  should  have  planned  to  do  during  the  particular 

plished  during  the  period  and  what  it  actually  did  accomplish.  It 
is  the  opportunity  cost  to  the  firm  of  not  using  its  fixed  facilities 
to  maximum  advantage.  Specifically,  it  is  the  opportunity  cost  of 
non-optimal  capacity  utilisation  . ...” 


^ Ibid. , p.  4.  *5Ibid. , p.  22. 


in  effect  upon  other  respon- 


cance"  is  provided. 

sibiiity  centers  and  this  effect  is  shown.  39 
In  contrast  to  this,  the  traditional  analysis: 

1 looks  merely  at  comparisons  of  ex  ante  standard  results  with 
actual  results;  the  standard  results  are  not  revised  in  the  light 


the  perturbations  and  the  significance 


e completely  indepen- 


Impact  of  Opportunity  Cost  Concept  Models  Upon  Standard  Costing 
Both  of  the  foregoing  models  use  the  concept  of  traditional  variance 
analysis  as  their  starting  point,  but  they  go  much  beyond  such  techni- 
ques. The  costs  which  are  analyzed  are  no  longer  standard  in  the  tra- 

tho  opportunity  cost  models  for  control  purposes.  These  models  also 

standard  costing,  in  that  they  are  concerned  only  with  the  variable  costs 

The  variances  which  are  analysed  relate  to  changes  in  the  data  inputs 


).  94-95. 


lo  tho  models.  When  thinking  in  terms  of  the  cost  coefficients  for  the 
constraint  equations,  there  may  be  some  similarity  to  the  traditional 
standard  costs,  but  they  are  not  the  same  thing.  This  will  be  discussed 
more  fully  in  the  section  on  data  inputs  to  programming  models.41 


of  some  "figure  of  merit,  " usually  the  maximisation  of  income,  the 
variance  analysis  hinges  on  the  effect  of  changes  in  the  data  inputs  on 
income.  This  concept  probably  is  implicit  in  traditional  variance  anal- 


:t  to  reduce  income.  Because  of 
the  shadow  prices,  which  are  developed  as  the  primal  problem  is  solved, 

is  possible  to  determine  the  ranges  within  which  the  coefficients  may 

single-value  costs  need  not  be  binding  on  the  analyst  and  may  be  replaced 
by  a range.  Also,  through  sensitivity  analysis,  it  is  possible  to  deter- 
mine which  inputs  are  critical  to  the  solution  and,  thus,  should  be  es- 


Among  the  advantages  of  the  ex  post  system  is  that  it  is  able  to  lake 
models,  i.e.,  selling  prices,  prices  of  substitute  materials.  Solomons 


rmr-i 


costs.  "Foregone  benefits  as  well  as  actual  outlays  need  to  be  si- 
multaneously considered  in  the  programming  process. 1,45  Despite  this 
strong  feeling,  expressed  by  Operations  Research  men  in  particular, 

counting  system  have  utility  in  arriving  at  estimates  of  the  appropriate 
costs. 46  Especially  where  the  cost  accounting  system  has  been  set  up 
as  a responsibility  accounting  system  will  the  initial  estimates  of  vari- 


ternal  'quasi  cost*  categories"  in  addition  to  the  normal  accounting 
costs.  The  most  important  of  these  "is  the  potential  income  . . . which 
the  capital  invested  in  the  business  could  earn  if  invested  elsewhere 
/an  opportunity  cost/.  . . . The  other  quasi  cost  has  to  do  with  sales 


" The  Accounting  Review,  XXXXVI1  (April,  1972),  p; 

Lea  compares  the  opportunity  costs  to  "exit"  prices,  the  use  of  which 
he  feels  is  contrary  to  the  concept  of  a going  concern.  To  reflect  the 
going  concern  view  the  costs  used  in  linoar  programming  models  should 

run  (exit  prices)  or  long  run  (entry  prices). 


1 Variability  --  because  of  the  deterministic  nature  of  linear  pro- 
represented  by  only  one  value;  part  of  the  problem  is  deciding 

2 Accuracy  — although  accuracy  is  desirable,  it  should  be  weighed 


54Eric  Kohler,  A Dictionary  for  Accountants  (2nd  ed. ; Englewood 
Cliffs,  N.  J.  : Prentice-Hall,  Inc.,  1957J,  p.  452  as  quoted  by  Lea, 


Of  those,  only  the  first  concept  is  appropriate  for  linear  pro- 

"The  technical  coefficients  are  estimates  of  the  quantities  of  the  r 
straining  factors  which  will  bo  utilised  by  one  unit  of  the  activity  or 
product.  1,5  The  inputs  to  be  employed  must  be  those  whose  usage 
varies  directly  and  proportionately  with  production.  Thus,  any  input 
affected  by  the  learning  process  cannot  be  included  because  it  is  em- 


ployed in  a decreasing  proportion  to  the  increased  output.  57  Such  data 
are  generally  determined  by  engineers  but.  if  the  firm  has  a standard 
cost  system,  they  may  be  established  from  the  standard  product  spe- 
cifications. If  neither  of  the  above  types  of  estimates  are  available 
past  accounting  records  may  be  used. 58  Regardless  of  the  type  of  es- 
timate employed,  it  should  be  regarded  only  as  an  initial  valuation  which 
wiU  be  tested  and  revised  as  the  linear  programming  model  is  used.5’ 
The  objective  function  coefficients,  which  may  be  made  up  of  net  rev- 
enue, variable  costs  or  selling  prices,  will  be  the  ones  most  affected 


This  will  have  at 


accounting  system  should  be  set  up 
itics  which  can  be  used  to  test  the  t< 


to  collect  data  on  the  activ- 
'-1  coefficients  ./which  werej 


57Lea,  "Estimating  the  Parameters  , . .,"p.  11. 


started  with,  " a process  similar  to  the  calculation  of  the  labor  and  ma- 
terial variances.  The  difference  between  the  traditional  accounting 


cost  data  collection  process  and  that  necessary  for  Unear  programming 
Ues  in  the  need  to  more  closoly  scrutinise  the  services  actually  flowing 
into  a product. 62  Standard  costing  operates  most  unambiguously  in  the 
area  of  production  department  costs,  but  the  service  department  costs 


flow"  and  thus  the  system  breaks  down  in  its  usefulness  at  this  point. 
Opportunity  cost,  especially  as  related  to  outlays,  should  be  of  in- 

The  product  of  an  activity  results  from  the  injection  of  productive 
services  in  fixed  ratios  into  the  activity.  Thus,  the  opportunity 
cost  of  an  activity  or  a product  is  equivalent  to  the  opportunity 
cost  of  the  productive  services  flowing  into  the  activity.  ...  the 
opportunity  cost  of  an  activity  is  the  largest  value  that  the  produc- 


Required  Changes  in  Standards 

being  developed  as  Uncar  programming  inputs: 


gineering  and  marketing,  adequately  detailed  records  either 
on  a standard  cost  basis  or  on  an  actual  cost  basis  will  be 
helpful  in  their  estimation. 


thing  to  be  desired  for  linear  programming  analysis,  " especially 
the  area  of  the  estimation  of  variable  acquisition  costs.70 


programming  usage  in  order  to  take  into  account  various  significant 


t,  although  they  may  be  included  as 


Variable  overhead  inputs  generally  are  not  calculated  on  a quantity 
basis.  Such  quantities,  as  related  to  activity  levels,  may  be  determined 


136 


side  of  these  inputs,  not  the  quantities,  and  these  latter  figuri 
may  not  be  available. 


The  data  may  be  accumulated  on  a departmental  rather  than  a 
product  basis. 


quantity  usage  and  activity  levels  may  be  unknown  thus  requiring 


pecially  since  linear  programming  requires  th 
function  dospite  the  actual  relationship. 73 

Standard  variable  overhead  rates  are  ordinarily  determ 
budgets  and  arc  usually  related  to  other  quantity  standards,  e.g. , direct 
labor  hours.  In  a standard  cost  system,  the  budget  is  most  likely  to  be 
made  up  of  standards  for  a number  of  diverse  items,  fixed  and  variable, 

were  equalled."74  The  analyst  should  be  aware  of  two  tilings:  the  de- 
velopment of  "'full'  product  costs";  such  costs  are  unsuitable  for  linear 
programming  coefficients;  and  second,  the  cost  basis  of  the  budget 
being  used  — standard  or  "incurred"  (expected);  if  the  budget  is  basod 
on  standard  cost,  the  variable  items  should  be  converted  to  an  cxpocted 
Also,  whon  including  these  costs  in  a linear  programming 
te  effect  of  any  change  which  has  been  made  ir 


, "Estimating  the  Parameters  . 


necessitate  in  the  collection  o f data,  some  of  which,  if  implemented, 

1 Transactions  data  should  not  be  the  primary  means  of  obtaining 


, quantity  data  for  variable  overhead. 

e current  input  and  output  liroita- 


within  the  planning  period  used  by  the  linear  programming 


m numbered  changes  could  bring  about 


traditional  standard  costing  and  variance  analysis.  Collection  of 
variable  overhead  quantity  data  could  help  in  providing  more  meaning- 
ful overhead  variances  and  better  control  over  the  related  costs;  re- 
sponsibility for  variances  might  be  more  closely  ascertained. 

sently  used  might  aid  in  situations  where,  for  some  reason,  the  pro- 


used.  Data  on  alternatives  may  help  in  determining  which  is  the  best 
of  the  available  alternatives  to  substitute  and,  thus,  again  help  in  the 


Finally,  the  concept  of  the  calendar  period  has  been  ci 
being  artificial  and  unrelated  to  any  planning  period  concept.  It  has 
been  brought  out  in  the  statistical  models  of  Chapter  IV  that  the  more 

provides  better  control  over  costs.  Also,  if  total  costs  are  accumulated 
over  the  entire  planning  period,  which  may  be  more  or  less  than  a 
calendar  year  (or  twelve-month  period),  a better  concept  of  the  costs 


139 


planning.  When  using  standards  for  the  purpose  of  control  or  the  eval- 
uation of  performance,  it  is  necessary  to  set  them  as  tight  as  is  felt  to 

lives  to  gain  better  performance.  If  the  standards  are  to  be  utilised 


the  firm  or  in  income  determination. 

The  changes  in  the  variable  cost  standards  necessitated  by  linear 

reducing  or  eliminating  the  tightness  factor  built  into  the  quantity 


ge  131.  They  also  make  the  cot 
should  be  included  in  the  standard  cost. 


control.  Two  different,  but  related,  topics  have  been  taken  up  in  this 
chapter.  The  difference  relates  to  the  use  of  standards  being  considered: 
control  versus  planning.  Their  similarity  lies  in  the  linear  program- 


mes page  8 for  a list  of  possible  ut 


ming  orientation  utilised.  Tho  first  section  discusses  the 
programming  models  and  the  optimum  solutions,  in  particular,  with  no 
consideration  of  the  types  of  inputs  employed.  The  question  of  the  type 
of  input  is  studied  in  the  second  section.  The  validity  of  the  results 


to  highly  dependent  upon  the  model 


ss  the  opportunity  costs  as  transfer  prices  and  the  optimum 
he  budget.  Any  department  operating  at  other  than  the 
ount  is  to  be  charged  for  tho  excess  usage  of  tho  scarce 
Dcraski,  in  his  ex  post  analysis,  breaks  the  difference  be- 
e and  observed  net  income  created  by  an  unavoidable  per- 
summation  of  two  differences:  the  first,  ex  ante  net 


income  less  ex  post  net  income,  represents  the  variance  due  to  fore- 
casting error;  the  second,  ex  post  net  income  less  observed  income,  is 
the  opportunity  cost  incurred  by  ignoring  the  perturbation.  The  summa- 
tion of  these  differences  equals  the  variance  which  would  be  obtained 
under  the  traditional  standard  cost  variance  analysis  techniques. 

Traditional  standard  costs,  although  they  can  be  used  as  initial  data 

visions  to  improve  their  utility  as  data  inputs  --  the  tightness  of  the 


141 


quantity  standard  should  be  eliminated  or  taken  into  account  in  some 
fashion.  The  factors  entering  into  the  establishment  of  the  price  stand- 


sure  everything  of  consequence  has 


to  the  variable  overhead  rate  which 


is  presently  established  in  a somewhat  ambiguous  fashion.  Improving 


ALLOCATION  OF  COSTS 


Two  types  of  cost  allocation  are  possible,  both  of  which  are  in- 
directly related  to  standard  costing.  One  involves  the  allocation  of 


joint  costs  existing  at  the  split-off  point  betwe 

— — 

products.  The  other  type  of  allocation  occurs 

in  a manufacturing  firm 

made  up  of  producing  departments  and  two  or 

more  service  departments; 

the  costs  of  the  service  departments  must  be 

■ charged,  on  the  basis 

of  predetermined  allocation  percentages,  to 

the  producing  depart- 

Both  of  these  allocation  problems  will  be  d 

liscussed  in  this  chapter 

problems  will  be  looked  at  in  terms  of  the  traditional  methods  which 


provements  on  standard  costing. 

"Cost  allocation  consists  of  taking  costs  ae 

i accumulated  and  fur- 

ther  dividing  and  recombining  them  to  achieve 

the  desired  type  of 

nt  of  benefits  to  be  derived  from  the  cost  or  expense  de- 
partmental relationships  will  affect  the  reliability  which  may  be  at- 


is  the  actual  distribution  of  the  costs  based  ot 


shown  that  there  is  a "demonstrable  and  immediate  relation- 
ship" existing  between  the  cost  and  the  thing  it  is  being  assigned 


2 allocation:  this  technique  is  used  in  situations  where  the  re 
tionship  between  the  cost  and  the  thing  it  is  being  applied  to 


tion  Based  on  Mathematical  Programming  with  an  Example  from  Petro- 
leum Refining  (Ph.D.  Dissertation.  Stanford  University,  1962),  p.  10. 

' ^Thomas  H.  Williams  and  Charles  H.  Griffin,  "Matrix  Theory  and 
Cost  Allocation,  " in  Management  Information:  A Quantitative  Accent, 

Richard  D.  Irwin,  Inc.,  1967),  p.  134. 


i:  this  procedure  is  employed  when  costs  must  be  as- 
signed to  things  to  which  they  hear  no  demonstrable  relationship.  5 
Cost  control  is  one  ot  the  primary  objectives  of  standard  costing. 

For  the  control  mechanism  to  be  effective,  costs  should  bo  identified 
with  responsibility  centers,  6 and.  in  turn,  charged  to  the  supervisor 
who  exercises  control  over  the  costs.7  Many  traditional  allocation 
systems  prorate  burden  costs  over  the  productive  departments  which 
may  not  be,  according  to  some  authors,  the  appropriate  form  of  distri- 
bution. Others  feel  these  costs  should  be  assigned  to  products  because 
such  an  allocation  "makes  possible  a clearer  picture  of  the  relative 
strength  of  different  segments  of  business  (in  this  casts  products)  and 

mary  tools  of  cost  control. 10  For  purposes  of  cost  control,  the  allo- 
cation and  proration  techniques  are  inconsistent  with  tho  basic  praccpt 

slbility. 1,11  These  techniques  are  useful,  however,  for  purposes  of 
pricing  and  profit  m 


"Williams  andGriffin,  tt 


Service  Department  Cost  Allocation 
Service  departments  arc  those  units  in  a manufacturing  firm  which 

maintenance,  power,  personnel  and  the  storeroom.  These  departments 


(1)  it  is  difficult  to  establish  a meaningful  measure  of  their  pro- 

(2)  A given  level  of  the  firm's  output  can  he  realised  with  various 
b^th8  sefvice  department  activity  measured  quantitatively 

If  such  departments  only  served  the  production  units,  there  would  be 
no  problems  insofar  as  allocating  their  costs,  but  they  also  serve  each 
other,  in  many  cases,  which  gives  rise  to  the  problems  involved  in 


the  making  of  reciprocal  allocations. 

exist;  included  will  be  some  suggestions  by  G.  Charter  Harrison.  Thon 
the  application  of  the  technique  of  matrix  algebra  to  the  problems  created 
by  reciprocal  relationships  will  be  taken  up,  along  with  a specific 

input-output  analysis,  although  a subset  of  the  matrix  algebra  approach, 
will  be  taken  up  in  a separate  section  because  of  its  specific  assumptions 


and  uses.  The  impact  o£  the  matrix  algebra  techniques  on  standard 
costing  will  also  be  discussod. 


Traditional  Allocation  Techniques 

There  are  several  basic  methods  of  se 


:e  department  cost  al- 


1 '^Distribute/  I 


distribute  fixed  costs  "on 
distribute  variable  costs  ' 


to  a fixed  and  variable  classification, 
m the  basis  of  actual  use  of  that 


3 Allocate  "the  service  department  expenses  directly  to  the  pro- 
ducing departments."1" 

The  first  two  methods  have  a "pyramiding  effect"  whereas  the  latter 
one  avoids  it.  Any  standard  cost  used  in  variance  analysis  for  these 


not  the  standard  cost  of  standard  consumption.  ^ 

Harrison  advocated  the  last  of  the  allocation  techniques,  above,  and 
distributed  service  department  costs  solely  on  the  basis  of  a machine 


>7lbid. 


In  the  first  method,  successive  Iterations,  the  cost  for  each  service 
department  is  distributed  as  if  it  were  the  final  distribution.  Then 
these  new  estimates  arc  again  distributed.  This  process  of  distributing 

any  department  . . . shall  be  the  sum  of  the  direct  chargos  to  that  de- 
partment, plus  a specified  fraction  of  the  total  charges  of  each  of  the 
other  departments. 1,22  For  example:  assume  a firm  has  three  service 
departments.  A,  B,  and  C,  with  direct  charges  D. , D_,  and  Dr  respec- 

the  following  set  of  equations  where  P. . represents  the  allocation  per- 


6:  Williams  and  Griffin,  T 


22CuU»bert  C.  Hurd,  "Computing  in  Management  Science,  " Manage  - 


23Ibid. 


le  system  may  be  solved  algebraically,  al 


le  system  is  very  large  and  cumbersome,  the  next  logical  step  is  ti 
■e  to  matrix  algebra  since  the  algebraic  solution  o£  simultaneous 
ttions  uses  many  of  the  principles  involved  in  matrix  algebra 


Matrix  (Linear)  Algebra 

Linear  algebra  is  particularly  useful  in  the  allocation  of  service 
department  costs  where  (1)  there  are  reciprocal  relationships,  (2)  a 
large  number  of  department,  and  (3)  the  ability  to  express  the  rela- 
tionship as  a system  of  simultaneous  equations,  as  in  the  preceding 
section.25  "Matrix  algebra  . . . provides  a systematic  theory  for 
systems  of  m equations  and  n unknowns ; it  explains  the  conditions  under 
which  such  systems  will  have  no  solution,  a unique  solution,  or  infi- 
nitely many  solutions.  "2^  In  the  problems  under  discussion  here,  the 
system  will  have  a unique  solution  because  there  will  be  n equations 
in  n unknowns  --  a square  matrix,  and  many  of  the  properties  necessary 

^Williams  and  Griffin,  "Matrix  Theory  . . - ,"p.  136. 

25Ibid. , p.  146;  Williams  and  Griffin,  The  Mathematical  . . ., 


“Williams  and  Griffin,  The  Mathematical  .... 


for  a unique  solution  are  also  assumed  t 
of  such  computations  is  that  the  user  kn 
characteristic  which  makes  this  a differ 


hold-  A basic  assumption 
vs  the  net  output  which  is  one 


If  the  first  matrix  on  the  left,  which  shows  the  distribution  coefficients, 
is  called  A,  the  vector  of  unknowns.  X,  and  the  vector  of  the  costs  to 
be  distributed,  B,  the  system  may  be  expressed  as  AX=  B. 


inverse.  A-1.  This  inverse  arises  when  the  system  AXsB  is  solved 

mined  unless  there  is  a change  in  some  of  the  elements  which  made  up 
the  original  allocation  percentages  matrix,  Ai  it  is  '^permanent. " This 
property  is  very  useful  since  the  same  inverse  may  bo  used  for  later 
cost  allocations  thus  necessitating  only  a matrix  multiplication,  A B, 


Veltliam, 


X figures  for  each  period  in  which  B changes. ' 


Illustration 

The  example  to  be  described  below  has  been  used  by  several  . 
thors.  30  The  company  has  five  service  departments  and  three  m 


^Williams  and  Griffin,  "Matrix  Theory  . . . , " p.  142-  Williams 
and  Griffin,  The  Mathematical  . . . , p.  iOO. 

30For  example:  Williams  and  Griffin,  "Matrix  Theory  . . . , " pp. 
140-141  and  John  Leslie  Livingstone,  "Input-Output  Analysis  for  Cost 
Accounting  Planning  and  Control,  " The  Accounting  Review.  XXXXIV 
(January,  1969),  pp.  48-49,  


The  service  department  ct 


is  of  simultaneous  e< 


where  X;  (i  n 1,  ....  5)  represents  the  total  service  department  costs 
aftor  all  the  reciprocal  distributions  have  been  made.  This  system  may 


-.lOXj  - -lOXj  - .05X3  * *5 

This  system  is  solvable  in  the  present  form,  but  as  a way  of 
avoiding  such  a lengthy  process,  it  may  be  re-expressed  in  a matr 


to  determine  X,  we  must  first  derive  A , the  inverse  of  matrix  A. 
This  may  be  done  by  a computor  program.  Tbe  formula  to  be  worked 


termined  by  a simple  matrix  multiplication  as  long  as  the  percentages 
used  in  A do  not  change.  This  operation  will  give  the  redistributed 
cost  of  the  service  departments  after  all  service  department  costs  have 
been  allocated  internally. 

The  allocation  of  the  service  department  costs  to  the  manufacturing 


the  matrix  of  service  department  allocation  percentages  to  the  oper- 
ating departments  and  the  Xj's  determined  in  the  first  operation  to  ar- 
rive at  the  total  service  department  costs  Tr  (r  = A,  B.  C)  to  be  added 
to  the  other  manufacturing  costs  of  each  producing  department.  Thus, 


Impact  on  Standard  Coating 

is  to  facilitate  the  calculation  of  the  service  department  overhead  to  be 
added  to  each  service  department's  costs  and  then  to  the  producing  de- 
partments' costs.  This  is  especially  true  after  the  initial  application 
of  the  process  which  derives  the  inverse  of  the  matrix  of  allocation 

arrive  at  the  inverse,  especially  of  the  matrix  A is  very  large.  Once 


viewed  as  industries  but  may  be  Looked  at  in  terms  of  smaller  units, 
i.e.,  a firm,  a department,  or  a cost  center .‘3*  The  model,  originated 
by  Wassily  Leontief,  displays  a summary  of  all  transactions  between 
the  economic  entities  being  analysed  in  the  format  of  a square  matrix. 


The  General  Model  and  Its  Assumptions 


The  basic  model  assumes  that  there  is  only  one  primary  input  to 
and  output  from  each  activity.  Each  of  these  outputs  may  be  a final 

activities.  There  are  two  possible  ways  of  viewing  such  a system 


"each  leading  to  a different  concept  of  economic  activity.  7 

1 Output-oriented  systems:  in  this  concept,  the  outputs  are  known 


2 Input-oriented  systems:  in  this  format  the  inputs  are  given  and 


which  are  applicable  to  any  linear  algebra  ■ 


1 “John  E.  Butterworth  and  Berndt  A.  Sigloch,  "A  Generalised 
Multistage  Input-Output  Model  and  Some  Derived  Equivalent  Systems, 11 
The  Accounting  Review,  XXX X VI  (October,  1971),  p.  701. 


less  ,han  one  ^ 


of  production  of  that  input  in  the 


Input-Output  Models  and  Standard  Costs 

Standard  costs  and  the  coefficients  used  in  the  input-output  models 
tend  to  have  several  differences.  The  first  such  difference  is  in  their 


re  built  upwards  from  the  lowest  basic  operal 
gated  material;  standard  cost  data  purport  to  illustrate  the  op 
lion  of  the  system,  while  econometric  parameters  are  just 
weightings  which  happen  to  explain  the  right-hand  side  of  the 
equation  in  terms  of  the  selected  variable.38 


(input-output)  coefficients; 


future  performance;  the  latter  only  depict  "an  average  of  the  actual 
expenditure  in  many  production  plants  over  an  historical  period  of 

There  are  two  possible  ways  in  which  input-output  concepts  could 


Analysis, Its  Uses  in  Macro- Economics  and  Micro-Ec 


«t  Review.  XXXXV  (January,  1970),  [ 


obviated  by  such  a process.  However,  one  defect  of  traditional  standard 
the  traditionally  static,  situation  would  develop. 4* 

which  is  the  primary  concern  of  this  chapter,  is  to  use  the  input-oriented 


4°lbid.  41Ibid. , p.  102. 

"Williams  and  Griffin,  "Matrix  Theory  . . .,"pp.  134-144;  Neil 

xxxnn  (July,  1 9GB),  pp.  503-508;  Rene  Manes.  "Comment  on  Matrix 
Theory  and  Cost  Allocation,  " The  Accounting  Review,  XXXX  (July, 
1965),  pp.  640-643. 


various  producing  departments  for  service  rendered,  "The  cost  of 
direct  inputs  to  each  process  is  given  and  the  cost  of  the  gross  depart- 
mental outputs  must  bo  determined. 1,43 

cients  primarily,  "are  functions  of  the  levels  of  output"  and  "reflect 
the  proportionate  amounts  of  dollar  cost  transferred  from  department 
j to  department  i. 1,44  The  determination  of  the  coefficients  may  be 


This  is,  however,  the  technique  used  by  Williams  and  Griffin,  Manes, 


4JButterworth  and  Sigloch,  p.  714. 
4W.  PP'  714-715. 


*aIbid. , p.  715;  Livingstone,  "Input-Output.  . ,,"pp.  58-59  gives 


Butterworth  and  Sigloch,  p 


Illustration  of  the  Application  of  Input-Output  Analysis^ 

pages  151  through  154.  Let  A*  represent  the  matrix  of  allocation 
percentages  from  department  i to  department  j where  ay  is  a typical 


represents  the  vector  of  total  costs  to  be  distributed,  but  it  also  will  be 


- A*  where  A represents  th 


Is  fixed  and  variable 


Joint  products  are  those  products  "that  are  necessarily  produced 

reasons  lor  allocating  the  joint  costs  between  the  several  products  are 

at  aid  in  cost  control.  52  This  section 
sd  mainly  with  the  latter  two  reasot 


those  which  "are  the  output  of  fixed  yield  processes"  and  those  which 


4^John  S.  Chiu  and  Don  T.  DeCoster,  "Multiple  Product  Costing  by 
Multiple  Correlation  Analysis,  " The  Accounting  Review.  XXXX1  (Oc- 
tober, 1966),  p.  673. 


^Shillinglaw  (3rd 


that  the  percentage  physical  output  of  each  co-product  is  fixed  by  for- 
mula-  54  111  >*“  latter  group,  there  are  two  situations  which  may  arise: 

1 The  type  of  joint  materials  used  affects  the  percentage  yield  of 

2 The  processing  methods  employed  can  vary  the  relative  yields 

The  allocation  of  costs  for  fixed  proportion  joint  products  is  felt  to  be 
impossible  and  "'footless.  ",5^  Because  of  this  belief,  the  statistical 
techniques  to  be  discussed  later  in  this  section  are  directed  mainly  to 

Because  of  the  usefulness  of  cost  allocation  for  inventory  costing, 
the  traditional  allocation  techniques  will  be  discussed,  especially  since 
they  are  applicable  to  both  types  of  products.  For  cost  control  purposes, 
especially  relating  to  the  "alternative"  products,  it  will  be  necessary  to 
briefly  discuss  mix  and  yield  variances  and  their  analysis. 

Traditional  Allocation  Techniques 

allocation  of  joint  costs  to  the  separated  products.  The  first  of  these 
distributes  the  cost  on  the  basis  of  some  physical  attribute  of  the  pro- 
duct. Such  an  allocation  "assumes  that  the  products  should  receive 


54lbid. 


lion  process. 1 


would  be  to  sum  up  all  the  units  of  each  joint  product  and  divide  this 
grand  total  into  the  total  joint  cost.  This  will  yield  an  average  unit 
cost  applicable  to  all  products. 58 


tionate  relationship  between  the  costs  incurred  and  variations  in  the 
physical  attribute  being  used  for  the  allocation.  Second,  is  the  assump- 


the  method  ignores  that  cost- value  relationship;  as  long  as  the  value  of 
the  total  group  exceeds  the  production  cost,  all  joint  costs  are  produc- 

Tho  second  broad  allocation  method  is  based  on  the  ability  of  the 
products  to  absorb  costs,61  There  are  two  basic  techniques  of  this 

1 Relative  sales  value  method:  under  this  procedure  the  allocation 
is  based  on  the  sales  price  of  the  products  at  the  point  of  split-off.  The 


3 'Chiu  and  DcCostor,  p. 
61Chiu  and  DcCoster,  p. 


88  Shillinglaw  (3rdcd.),  p.  216 . 
68Shillinglaw  (3rd  ed.),  p.  237. 


total  market  value  of  the  batch  is  calculated  and  then  the  percentage  of 
total  market  value  for  each  co-product  is  determined.  This  percentage 
is  then  applied  to  the  total  cost  to  allocate  it  to  the  separate  products.  62 
This  technique,  while  generally  eliminating  the  defects  of  the  physical 
attribute  method,  also  suffers  from  defects.  It  does  not  ensure  that 
the  allocated  costs  always  will  be  less  than  market  value  or  proportion- 
al to  value,  63  This  shortcoming  arises  because  of  the  imperfection 
of  using  selling  price  at  split-off  as  a measure  of  value:  some  products 
may  have  no  market  value  at  this  point,  but  will  have  later  on  after 
further  processing:  others  may  have  a value  which  is  lower  than  their 
price  due  to  high  selling  expenses. 

II  Net  realiaation  basis:  Net  realization  is  "the  selling  price  of  the 
end  product  less  any  costs  necessary  to  process  it  after  the  split-off 
point,  sell  it  and  distribute  it.  " The  allocation  procedure  is  the  same 
as  in  the  preceding  method  except  that  the  joint  costs  arc  allocated 
based  on  the  percentage  of  total  net  realization.  Tho  toehnique  helps 
eliminate  the  problem  of  the  relative  selling  price  technique  by  tho  very 


Mix  and  Yield  Variances 

Traditionally  mix  and  yield  variances  arise  w 


62SbiUinglaw  (3rd  cd.), 


groups  are  substituted  for  the  standard 


materials  or  labor  in  a process  and  such  substitutions  bring  about  a 
change  in  the  output  of  the  process.  These  variances  generally  are 
contained  within  the  traditional  quantity  variances,  along  with  a third, 
related  "input  quality  variance"  which  arises  when  the  substitution  is 
of  a higher  or  lower  quality  than  the  standard  input.  The  total  quantity 
variance  may  be  broken  down  as  follows: 

(1J  Actual  cost  (at  standard  prices) 

Input  quality  variance  (2)  - (3)  ' ^ 

(4)  Costs  earned  (actual  mix) 

Operating  mix  variance  (3)  - (4) 

The  analysis  of  such  variances  is  relevant  for  both  the  fixed  and 
variable  proportion  joint  products.  In  the  case  of  fixed  proportion  joint 
products,  the  change  from  a standard  input  to  a nonstandard  one  may 
affect  the  total  output  as  well  as  each  of  the  individual  product  outputs 
based  on  their  normal  proportions.  In  the  variable  proportion  case  the 


obtain  a particular  effect  on  the  yield.  The  mix  and  yield  variances 
are  still  appropriate  since  it  would  be  necessary  to  measure  the  differ- 
ence between  the  standard  and  actual  costs.  In  such  a situation,  it  may 
Still  be  dosirable  to  compute  the  variance  between  the  old  standard  mix 


if  the  standard  were  initially  changed  to  take  into  account  the  new  mi 
and  then  this  updated  standard  were  used  as  the  point  of  reference 


Not  much  has  been  written  in  regard  to  the  mix  and  yield  variances 
as  far  as  their  analysis  in  terms  of  a statistical  or  management  science 
procedure  is  concerned.  Hasscldine  has  expressed  the  variances  in 
terms  of  mathematical  formulas  and  analysed  them  graphically,  but  he 
has  not  carried  the  analysis  further.  ^ Another  discussion  of  these 


Wolk  and  Hillman,  in  a more  recent  article,  employ  a different  ap- 
proach. First,  they  use  a linear  programming  model  to  determine 
the  optimal  short-run  combination  of  raw  materials,  the  only  input  anal- 


6i'C.  R.  Hasscldine,  "Mix  and  Yield  Variances,  " The  Accounting 
Review.  XXXXII  (July,  1967),  pp.  497-515.  

67Myron  J.  Cordon,  "The  Use  of  Administered  Price  Systems  to 
Control  L>arge  Organizations,  " in  Management  Controls  --  New  Direc- 
tions in  Basic  Research,  Eds.  Charles  P.  Bonini,  Robert  K.  Jaodicke, 
and  Harvey  Wagner  (New  York:  McGraw-Hill  Book  Company,  1964), 


Harry  L.  Wolk  and  A.  Douglas  Hillman,  "Materials  Mix  and  Yield 
Variances:  A Suggested  Improvement,  " The  Accounting  Review, 
XXXXVH  (July,  1972).  pp.  549-555. 


yzed  in  their  example.  From  the  results  of  this  model,  traditional 
mix  and  yield  variances  are  calculated  when  it  is  necessary  to  use  a 
different  input  mix  than  that  given  by  the  optimal  solution.  To  make 
these  variances  more  meaningful,  especially  in  those  cases  where  the 
standard  mix  has  been  purposely  abandoned,  they  should  be  calculated 
using  the  new  short-run  optimal  mix  for  actual  production. 


Multiple  Correlation  Analysis 

This  section  will  first  givo  a general  discussion  of  the  background 
on  the  need  for  marginal  costing.  Then  there  will  bo  a brief  discussion 
of  how  incremental  costs  might  bo  determined  for  "alternative"  products 
under  conventional  methods,  and  finally,  the  application  of  multiple 
correlation  analysis  to  this  problem. 


To  use  an  approach  such  as  multiple  correlation  for  joint  cost  al- 
location requires  a shift  in  thinking  on  the  part  of  the  firm.  Rather 
than  view  co-product  costs  in  relation  to  their  significance  to  the  firm, 
they  should  be  considered  on  the  basis  of  how  they  were  generated. 69 
It  is  necessary  to  determine  if  the  products  are  truly  joint,  l.e.,  in- 

are  alternatives,  i.o,,  production  of  one  reducos  the  output  of  the  others. 
If  the  lattor  is  the  true  situation,  a more  useful  cost  analysis  through 


marginal  costa  is  possible.  ’"The  cost  of  an  alternative  product  can 
always  be  computed  in  terms  of  the  foregone  profits  from  the  other 

variable  proportions  which  may  arise  when  analysing  joint  costs.  Be- 
cause of  the  ability  of  relative  yields  to  vary,  it  U possible  to  measure 
the  incremental  costs  to  which  such  variations  give  rise.72  The  deter- 
mination of  such  marginal  costs  is  easiest  to  determine  when  the  yield 

at  the  changed  outputs  and  costs.73  The  procedure  is  similar,  al- 
though more  complex,  if  the  yield  is  altered  by  changing  the  method  of 
processing;  in  this  situation  the  incremental  costs  equal  "the  sum  of 

products  lost  by  the  shift  in  the  product  mix. 1,74  This  type  of  an  ap- 
proach has  two  prime  defects:  1)  Incremental  cost  is  variable,  dc- 


!Shillinglav 


the  foregone  profit,  may  not  equal  the  product  price.75 

Application  of  multiple  correlation  analysis 

Multiple  correlation  aids  the  accountant  in  determining  the  marginal 
costs  which  generally  are  not  provided  by  the  traditional  methods  of 
cost  allocation.76  As  a technique  to  bn  used  for  this  purpose,  multiple 
correlation  should  be  viewed  in  terms  of  both  its  advantages  and  its 
limitations,  which  generally  are  due  to  the  underlying  assumptions  of 
the  model. 

I Advantages:  Multiple  correlation  enables  the  analyst  to  simul- 
taneously estimate  the  marginal  cost  of  all  multiple  products  because 
it  recognises  the  cost  structure  of  such  products. 77  ft  is  primarily  a 
ceteris  paribus  approach  in  that  the  effect  of  only  one  change  in  output 
is  viewed  in  determining  the  marginal  cost. 78 

11  Limitations:  A number  of  constraints  affect  the  applicability  of 
multiple  correlation  analysis  to  the  multiple  product  costing  problem: 

1 Product  limitations:  only  joint  products  which  fall  into  the 

variable  proportion  category  may  be  costed  using  these  techniques. 

Z Equation  limitations:  the  ability  to  find  the  right  modol,  linear 
or  nonlinear,  will  affect  the  reliability  of  the  estimates. 

7fcid. 


Period  limitations: 


Tile  data  are  viewed  at  specific  points  of  time,  not  ’'over  a 
continuum"  as  traditionally  assumed,  which  means  that  any 


only  over  the  range  of  observations. 


4 Causation  limitations:  the  technique  cannot  identify  cause  and 

The  following  example,  using  multiple  linear  regression  and  mul- 
tiple correlation,  was  presented  by  Chiu  and  DcCoster.  80  In  this  ex- 


at  a total  cost,  Y.  Observations  for  ten  periods  were  used  in  estab- 
lishing the  model  which  was  formulated  as: 


ducts  (XJ , X^,  X^)  are  determined  as  the  other  coefficients  in  the  model, 
hl-  b2*  b3‘  Standard  errors  of  the  estimate  are  also  determined  for 
each  of  these  cost  estimates,  Sb. . The  multiple  correlation  coefficient. 


from  tho  first  example  in  that  he  does  not  carry  the  analysis  to  the 
point  of  determining  S^. , R,  D and  t,  but  works  only  with  "least 
squares  estimates  of  unit  costs  by  types.  1'®®  Ho  recognizes  the 


to  calculate  these  additional  st 


:s  butfcols  they  should  be 


familiar  with 


a "relative  market  value"  approach  which  may  be  set  up  in  the  following 


Grade  of  Standard 

of  input  output  of  input  value 
situation  but  not  for  the  variable  proportion  case.  The  same  problem 


live  yields  which  le 


are  averages  over  the  time  period  of  the  observa- 
i expected  actual 


ances  operate  mainly  to  clarify  the  concepts  involved  by  means  of  their 
expression  purely  in  mathematical  form  and  to  try  to  alleviate  the  dif- 
ficulties caused  by  interpreting  them,  especially  when  the  variance 

Two  separate  types  of  cost  allocation  problems  have  been  discussed: 


for  distributing  the  costs  were  described  first  and  then  the  proposed 


SUMMARY  AND  FUTURE  PROSPECTS 


potential.  The  techniques  which  were  considered  have  been  those  gen- 
erally involved  in  the  construction  of  standards,  the  analyst 
and  the  allocation  of  costs,  cither  among  departments  or  between  co- 

The  basic  view  of  a standard  as  a benchmark  has  been  altered  by 
and/or  quantity,  was,  and  often  still  is,  viewed  as  a single,  static 


of  a range  of  costs  bounded  by  the  control  limits.  This  type  of  thinking 
has  influenced  the  interpretation  of  variances  in  standard  cost  control 
situations.  For  product  costing  purposes  the  standard  may  be  viewed 
as  similar  to  the  mean  of  the  control  chart.  Modern  decision  theory 
techniques  have  suggested  that  both  of  these  views  be  replaced  by  an 
expected  value  type  of  standard.  Controlled  cost  replaces  the  point 
estimate  and  range  of  costs  with  a probability  distribution.  Learning 
curves,  although  based  upon  die  future  attainment  of  a predetermined 


standard  as  learning  occurs;  it  makes  the  process  of  setting  the  stand- 

This  group  of  statistical  techniques  have  had  one  common  impact 
upon  the  concepts  involved  in  developing  standards,  namely,  that  one 

rive  at  an  appropriate  construct. 

Two  specialized  procedures  were  discussed  which  also  were  in- 
volved in  the  construction  of  standards,  although  less  directly  than 
the  preceding  techniques.  The  first  of  these,  the  division  of  mixed 
overhead  costs  into  their  fixed  and  variable  cost  components,  utilized 
regression  analysis,  generally  in  conjunction  with  correlation  analysis. 
The  result  was  a mathematically  determined  separation  which  removed 
much  of  the  subjectivity  of  the  traditional  techniques.  The  addition  of 
correlation  analysis  was  felt  to  be  useful  in  the  choice  of  the  appropriate 
independent  variable  to  be  utilized  in  the  construction  of  fixed  and  vari- 
able ovorhead  rates  per  unit.  The  second  technique  was  in  the  area 

While  traditional  standards  were  felt  to  be  adequate  as  first  approxima- 
tions, it  was  suggested  that  they  be  modified  so  as  to  remove  any 
tightness  built  in  for  motivational  purposes  or,  in  the  case  of  standard 
costs,  to  ensure  that  all  of  the  relevant  costs  for  a particular  item  are 
included.  In  addition,  sensitivity  analysis  may  be  used  to  test  the 
range  in  which  the  inputs  may  vary  before  a given  solution  is  no  longer 


The  latter  of  these  techniques  ties  in  with  the  general  impact  of  the 
statistical  methods  mentioned  above.  Traditional  standards  need  to  be 
modified  to  enhance  their  usefulnoss  and  a range  of  permissible  fluc- 
tuation established.  The  major  Impact  of  regression  analysis  lies  in 
its  role  as  an  improved  computational  technique  to  be  used  in  the  con- 
struction of  traditional  overhead  standards.  The  resulting  separation 
may  establish  the  fixed  cost  and  rate  of  variability  more  precisely  than 

Variance  analysis  has  also  been  affected  by  many  of  the  techniques 
discussed  in  the  preceding  chaptors.  The  guiding  principle  in  this  area 
has  been,  and  still  is,  management  by  exception.  Various  statistical 
techniques  have  attempted  to  improve  the  differentiation  among  the 
variances  to  determine  which  ones  aro  the  most  beneficial  for  manage- 


difforentiate  between  those  deviations  due  to  controllable  factors  which 
are  to  bo  investigated  and  those  occurring  from  random  noncontrollable 
events.  This  helps  to  limit  the  number  of  variances  which  are  reportod 
to  management  for  corrective  action.  In  addition,  modern  decision 
theory  techniques  consider  the  costs  involved  in  investigating,  or 
failing  to  investigate,  a particular  variance.  While  this  latter  step 
also  may  limit  the  number  of  deviations  felt  to  be  worth  investigating, 
it  may  also  highlight  some  variances  which  the  other  techniques  pass 
over  because  they  fall  within  the  control  limits.  An  additional  im- 


provcraont  related  to  the  control  {unction  which  is  brought  about  by 
the  utilization  of  control  charts  or  modern  decision  theory  is  the  in- 
creased timeliness  of  reporting  of  variances  to  management;  this  has 
occurred  because  of  the  more  frequent  data  collection  necessitated  by 
statistical  procedures.  Control  charts,  at  least,  may  be  adapted  also 
to  take  into  consideration  learning  and  thus  reduce  the  effects  of 
learning  in  the  analysis  of  variances. 


While  these  statistical  techniques  do  not  act  explicitly  to  improve 
tho  decision  as  to  whether  or  not  an  investigation  is  warranted,  espc- 


proaches.  They  also  improve  the  detection  of  significant  variances  be- 
of  their  being  averaged  out  over  time.  Control  charts  also  offer  sever- 


al warning  signals  that  a system  may  be  operating  out  of  control  even 
though  all  of  the  variances  are  occurring  within  the  limits.  Because  of 
its  relative  simplicity,  the  control  chart  appears  to  have  gained  more 


acceptance  than  modern  decision  theory  approaches.  Controlled  cost. 


ew.  Allowable  va 


in  the  data,  inputs  are  determined  after  the  optimum 


derived,  and  the  effect  of  such  variances  upon  the  "figure  of  merit"  is 
as  a part  of  the  solution.  It  is  possible,  with  linear  programming,  to 


for  a material  price  variance:  substitute  products,  price  fluctuations, 

and  resultant  opportunity  costs  upon  the  analysis  of  variances  does  not 
appear  to  have  been  fully  explored  at  this  time. 


upon  cost  allocation,  a term  covering  two  separate  topics:  service  de- 
partment cost  allocation  and  allocation  of  joint  costs  among  co-products. 

impact  which  may  be  attributed  to  these  techniques  is  that  they  simplify 


Regression  analysis  has  been  suggested  as  an  improved  technique 
for  allocating  costs  among  variable  proportion  co-products.  It  helps  in 
arriving  at  average  unit  costs  for  individual  outputs  over  a given  period 
of  lime.  These  averages,  then,  may  be  used  to  develop  the  standard 


costs  to  be  employed  for  a variety  of  purposes.  The  main  thrust  of 
this  technique,  therefore,  is  in  the  direction  of  eliminating  the  need  • 


Statistical  and  management  science  techniques  which  have  been  dis- 

realiaed  because  of  a lack  of  general  acceptance,  e.  g. , the  use  of  linear 
programming  results  for  variance  analysis.  Two  possible  reasons  for 


countants  continue  to  realise  the  need  to  expand  their  understanding  of 
various  statistical  and  management  science  techniques,  the  first  of  the 
above  reasons  given  for  an  unwillingness  to  use  more  complex  techni- 


programming,  in  particular.  The  widespread 


availability  of  computers  should  make  the  need  for  their  usage  an  invalid 


Future  Prospects 

If  it  may  be  assumed  that  the  future  may  be  viewed  as  an  < 
of  the  past,  then  it  becomes  relatively  easy  to  forecast,  in  th( 
this  study,  tendencies  in  the  ovulution  of  standard  costing  in  t 


light  of 


decade.  As  has  been  indicated,  the  history  of  standard  costing  is  re- 
plete with  much  borrowing  of  techniques  of  analysis  from  other  disci- 
plines --  scientific  management,  statistics  and  management  science, 
in  particular.  There  is  no  reaBon  why  this  process  should  not  continue. 

the  application  of  various  statistical  ar.d  management  science  techni- 
ques to  standard  costing  situations.  Articles  of  this  nature  will,  un- 
doubtedly, continue  to  appear.  Somo  of  the  techniques  mentioned  have 
been  included  in  cost  accounting  texts.  This  trend  should  continue,  and 

Research  development,  it  appears,  may  proceed  along  two  lines. 

techniques  discussed  in  the  preceding  chapters  and,  where  feasible, 

other  techniques  of  statistics  and  management  science  which  are  felt 

receive  attention.  Examples  of  such  techniques  include  PERT,  curvi- 

ming  techniques  (e.g.,  integer,  piece-wise  linear,  quadratic)  which 
would  permit  more  realistic  approximations  of  the  cost  and  production 


i number  of  ways  of  construct 


male  for  inventory  costing  or  pricing  but  a range  of  costs  or  expected 
value  concept  of  standards  might  be  more  appropriate  for  variance 
analysis-,  and,  further,  a modified  point  estimate,  adjusted  for  various 
factors,  is  more  suitable  for  linear  programming.  As  more  statistical 

structing  a scries  of  standards  for  each  cost  item  --  prico  and  quan- 
tity — to  serve  a variety  of  possible  uses  should  be  considered.  Such 
a series  might  be  developed  in  the  form  of  a vector  for  easy  computer 


of  many  of  the  techniques  which  are  currently  in  use  or  have  been  advo- 
cated for  adoption.  This  topic  has  only  been  mentioned  in  passing  in 
this  study.  The  results  of  such  research  may  affect  the  adoption  of 

utilised  in  standard  costing  become  more  complex  mathematically,  they 


tion  in  standard  construction  which  is  felt  to  be  essential  to  the  accept- 
ance of  a procedure  and  its  results.  Some  research  has  already  been 
done  in  this  area  in  connection  with  gaining  the  acceptance  of  control 


APPENDICES 


Improved  Methods  (major) 
Developed  New  Processes 


5)  The  C(n)  tables  are  derived  from  the  basic  formula:  C(2n)  a C(n)2_b 
b is  a constant  relating  to  the  slope.  The  tables  which  are  developed 


show  the  value  of  the  nth  unit's  time  as  relatud  to  some  other  unit 


Appendix  B Comparative  Example  of  Variance  Analysis 


The  following  discussion  is  a comparison  of  the  Vi 
procedures  suggested  by  Gillespie  in 


The  variances  which  appear  to  be  calculated  in  the  same  fashion  by 
both  authors  are  those  relating  to  material  and  labor: 

1.  Material  price  variance:  (actual  price  - standard  price}  x actual 

quantity  (in  terms  of  purchases  or  usage) 

2.  Material  quantity  variance:  (actual  material  used  - standard 

quantity  allowed)  x standard  price 

3.  Labor  price  (rate)  variance:  (actual  rale  - standard  rate)  x actual 


4.  Labor  quantity  (efficiency)  variance:  (actual  hours  used  - stand- 
ard hours  allowed)  x standard  rate 


analysis  of  overhead  variances.  This  may  be  attributed  mainly  to  the 
fact  the  Gillospic  did  not  separate  the  overhead  costs  into  their  fixed 
and  variable  components  and  analyso  the  variances  of  each  type  of  cost 

^Gillespie  (1935),  pp.  27-29;  Horngren,  p.  284. 


separately.  If  one  were  to  break  the  total  costs  into  their  components 
results  would  become  apparent.  The  following  numerical  example  ap- 

Budget  Actual 


Overhead  at 


(Z)  - (3)  $ 45  efficiency  variance 

(3)  - (4)  $ 30  volume  variance  unfavorable 

That  the  differences  in  the  figures  are  due  to  the  failure  to  separal 


example:  Gillespie's  budget  variance  is  composed  of  more  than  Horngren's 
spending  variance  because  of  the  use  of  the  fixed  budget. 


Appendix  C Illustration  of  Samuels1  . 


The  following  is  a summary  of  an  example  presented  by  Samuels. 

space,  supervision,  and  machines.  The  contribution  margins  (unit 
selling  price  less  unit  marginal  costj  for  the  products  are  $2,  $3  and 
$4,  respectively.  (For  typing  case  the  symbol  for  pounds,  as  used  by 

2 the  optimal  allocation  of  the  sc 

ments  (one  for  each  product)  which  will  m 
harmonious  with  the  goals  of  the  firm  as  a 


H T 


SL1  SI 


ie  SL.  (i:  I.  i,  3)  are  .he  respective  slack  vs 


; -ns  tis  ; 


Samuels'  method,  the  "real  loss"  may  be  measured.  Assume  only  800 
ity  cost). 

If,  instead,  1, 183  units  of  X were  produced  and  1,  143  units  of  Y,  the 

production  of  X as  follows: 

product  output  units  of  floor  space  total 


The  department  producing  X would  be  charged  with  the  difference  be- 
product  optimal  contribution  actual  contribution  difference 


In  this  case  the  shadow  prices,  Zj  - Cj,  are  used  as  the  basis  of  the 

partment  for  the  use  of  the  scarce  resources. 1,5  The  departments  will 
break  even  only  when  they  use  the  budgeted  amounts,  thus 


5(5/28) 

1(5/28) 

1(5/28) 


1(12/28) 

5(12/28) 

1(J2/2B) 


1(19/28)  2 
1(19/28)  3 
5(19/28)  4 


The  following  tabic  summarizes  the  use  of  the  opportunity  costs 


visor  time  in  department  X will  bo  986  rather  than  the  higher  (standard) 


Contribution  margin  earned  (1, 183x$2) 


Product  Y 

Machines 


Product  7. 


CONTROL  ACCOUNTS 


Saving  of  Dcpl.  X in  use 
of  Supervisors  84.  5 


194 


NOTES  ON  ACCOUNTS7 


a The  budgeted  opportunity  cost  of  a department  on  the  output  achieved 
is  equal  to  the  contribution  earned  by  that  department.  This  is  tho  re- 
sult of  charges  based  on  shadow  prices;  that  is,  departments  are  bud- 
geted to  break-oven. 


b The  saving  of  dept.  X on  supervisors  is  calculated  as  follows: 
Inputs  per  budgot  on  output  of  1,  183units  1,  183 


supervisors'  time  at  a shadow  prico  of  12/28 


c The  balance  in  the  reconciliation  account  is  the  loss  of  Dept.  X;  the 


X - F,  where  X represents  the 


where:  (Ni  - N 
(NIP  - K 


Chapter  IV. 


Nla  - NI°  = (N f - NIP)  + (NIP  - NI°) 


as  opposed  to 


(XP)T=  (100,  100,  100,  0,  0,  0)  would  bo  tl 


ihcV  = 300.  The  variance  in  th 
11°  = (NI®  - NIP)  + (NIP  - NI°) 

= (340  - 300)  + (300  - 280) 


where  the  40  units  represent  the  forecasting  error  and  the  20 
units,  the  opportunity  cost.  Traditional  variance  analysis  would 
have  arrived  at  a deviation  of  60  units  (340  - 280). 

The  same  ex  ante  program  will  be  used  as  in  the  preceding  example 
but  the  changes  in  the  observed  results  will  be  mora  extensive:  C°-  C a* 
(X°)T=  (100.  0,  100,  100.  0,  0):  C°X°=  220:  b°=  ba,  the  vector 
of  constants  and  A*,  the  matrix  of  technical  coefficients  becomes: 

(XP)T=  (50,  200.  0.  50,  0.  0)  and  CPXP  = 280.  The  variance  in  the 


(340  - 280)  + (280  - 220) 


If  the  following  assumptions  arc  made,  the  above  results  may  be 

1 each  change  in  the  ajj  was  due  to  a labor  efficiency  perturbation; 
Z the  wage  rate  for  process  two  equalled  Z units  and  for  process 


die  wage  rate  perturbation  in  process  two  was  0.5  units,  favor- 


1}  Price  and  efficiency  variance  (Ca-C°)X° 

' labor  use  variance  1(100)(Z) 

wage  rate  variance  . 5(200} 


Z(100)  ZOO  F 

1(1001(3)  300  U 

. 5{ZOO)  100  F 


100(Cf)  100(1. 2) 


2)  Nonoptimal  utilization  variance  (NIP-NI°) 


derived  from  two  conditions:  x n A-  *b  and  the  fact  that  x.  - x^  for  all 
i a j (total  inputs  equal  total  output  for  each  activity).  The  term  X a 
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